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cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 
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how  each  Tech  Note  fact  sheet  provides 
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directly  by  the  agency  or  its  laboratory. 
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the  source  for  backup  documentation.  In 
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significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 
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FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agriculture  &  Food 

0060  Artificial  Flowers,  So  lovely,  So  Lethal  to  Moths 

0061  Inhibit  Melanin:  Your  Fungal  Problems  are  Over 

Computers 

0062  Characterizing  Computers  and  Computing  Times — 
Times  necessary  to  run  given  programs  on  given 
computers  can  be  predicted  fairly  accurately. 

0063  Developing  Confidence  Limits  for  Reliability  of 
Software — The  'pivotal'  approach  expands  the 
estimation  capability  of  the  Moranda  model. 

0064  Dos  Batch  Files  as  Control  Programs — Small 
subprograms  fit  within  the  limitation  on  random- 
access  memory. 

0065  Solving  Constraint-Satisfaction  Problems  in  Prolog 
Language — Grammar-rule  notation  is  regarded  as 
'State-change  notation.' 

0066  Trinary  Associative  Memory  Would  Recognize 
Machine  Parts — Some  deficiencies  of  binary  repre- 
sentation ar  overcome. 

Software 

0067  SPC  Toolbox 

Electrotechnology 

0068  Combined/ECCM  Diversity  Tropospheric  Transmis- 
sion System  (Licensing  Opportunity) 

0069  Closed-Loop  Chopping-Mirror  Controller — Mirror 
position  and  velocity  are  electronically  sensed  and 
commanded. 

0070  End-Loaded,  Cavity-Backed,  Cross-Slot  Antennas — 
Advantages  include  lower  losses,  lighter  weights, 
smaller  sizes,  and  greater  bandwidths. 

0071  Mode-Switching  Algorithms  for  Antenna 
Servocontroller — Perturbations  caused  by  switching 
between  modes  are  expected  to  be  reduced. 

0072  Modular  VLSI  Reed-Solomon  Decoder— Multiple 
chips  of  the  same  type  would  be  concatenated  for 
lower  cost  and  flexibility  of  design.  (Licensing 
Opportunity) 

0073  Resistor  Extends  Life  of  Battery  in  Clocked  CMOS 
Circuit — The  circuit  is  operated  at  low  power  to 
reduce  current  drain. 

0074  Sapphire  Ring  Resonator  for  Microwave  Oscillator — 
Phase  noise  is  reduced  to  a  new  low. 

0075  System  Acquires  and  Displays  Signal-Propagation 
Data — The  system  is  flexible  and  easy  to  operate. 

Software 

0076  Waveform-Generating  Program — A  variety  of 


complicated  waveforms  can  be  synthesized  digitally 
from  simpler  component  waveforms. 

Testing  &  Instrumentation 

0077  Sensor  for  Electro-Optic  Voltage  Developed 

0078  Hole-lmpeded-Doping-Superlattice  LWIR  Detec- 
tors— Detectors  would  operate  at  wavelengths  up  to 
17  urn  and  temperatures  above  65  K. 

0079  Facility  Measures  Magnetic  Fields — Objects  are 
magnetically  characterized  and,  to  the  extent 
possible,  magnetically  compensated.  (Licensing 
Opportunity) 

Engineering 

0080  Surface  Contour  Determination  and  Recording 
Developed 

0081  Anthropomorphic  Robot  Hand  and  Teaching  Glove — 
Motions  of  the  operator's  fingers  control  motions  of 
the  corresponding  robot  fingers.  (Licensing  Opportu- 
nity) 

0082  Composite-Material  Airflow  Vane — A  lightweight 
replacement  for  a  balsa-wood  part  produces  more- 
consistent  results.  (Licensing  Opportunity) 

0083  Deflection  and  Stress  in  Preloaded  Square  Mem- 
brane— The  effect  of  tension  applied  uniformly  along 
edges  is  added  to  the  analysis. 

0084  Dual-Diaphragm  Tank  with  Leakage-Indicating 
Drain — Reliability  would  exceed  that  of  a  single- 
diaphragm  tank.  (Licensing  Opportunity) 

0085  Flutter  Spoilers — Spoiling  devices  can  be  deployed 
rapidly  to  prevent  damage  to  airfoil  surfaces. 

0086  Gradient  Tempering  of  Bearing  Races — Fracture 
toughness  is  increased,  and  stress-corrosion 
cracking  reduced.  (Licensing  Opportunity) 

0087  Heat-Transfer  Coupling  for  Heat  Pipes — The  design 
of  the  coupler  would  avoid  a  difficult  brazing  opera- 
tion. 

0088  Long-Lived,  Replaceable  Low-Pressure  Seals — 
Simple  units  operate  by  metal-spring  and  elastometic 
compression. 

0089  Parallel-Processing  Algorithms  for  Dynamics  of 
Manipulators — Inertia  matrix  is  computed  more 
efficiently. 

0090  Quick-Connect/Disconnect  Joint  for  Truss  Struc- 
tures— A  simple  connector  could  be  used  for 
temporary  structures  and  pipes.  (Licensing  Opportu- 
nity) 

0091  Sealing  Out-of-Round  Tubes  With  O-Rings— Shells 
of  connectors  for  electrical  cables  are  adapted  to 
seal  tubes  against  pressure  or  vacuum.  (Licensing 
Opportunity) 


February  1992  Tech  Notes  Title  List 


Engineering  (Cont.) 

092  Self-Motion  Manifolds  of  Redundant  Manipulators — A 
new  perspective  on  redundancy  can  yield  alternative 
control  strategies. 

0093  Ultrasonic  Device  Would  Open  Pipe  Bombs — A 
conceptual  device  would  safely  remove  end  caps. 

Software 

0094  SkinHeat  Calculator  Utility  Program  Developed 

Testing  &  Instrumentation 

0095  Dual-Element  Optical-Motion  Detector 

0096  Improved  Force-and-Torque  Sensor  Assembly — 
Forces  and  torques  are  measured  by  different  strain 
gauges  at  different  positions. 

0097  Pressure  Roller  for  Tape-Lift  Tests — A  simple,  easy- 
to-use  tool  provides  more  nearly  uniform  pressure. 
(Licensing  Opportunity) 

0098  Unbalanced  Rotating  Masses  for  Scanning — Scans 
can  be  performed  with  less  power  and  at  less  cost. 
(Licensing  Opportunity) 

0099  Variable-Speed  Instrumented  Centrifuges — Image 
and  data  recording  and  controlled  temperature  and 
gravity  would  be  provided  for  12  experiments. 

Other  Items  of  Interest 

0079     Facility  Measures  Magnetic  Fields — Objects  are 
magnetically  characterized  and,  to  the  extent 
possible,  magnetically  compensated.  (Licensing 
Opportunity) 

01 10     Salt  Filler  for  Making  Covered  Channels — Metal  salts 
offer  ease  of  application,  resistance  to  high-tempera- 
ture processing,  and  ease  of  removal.  (Licensing 
Opportunity) 

01 06     Method  of  Maintaining  the  Strength  of  Optical  Fibers 
(Licensing  Opportunity) 

Environmental  Science  &  Technology 

01 00  External  Abiotic  Agents  Affect  Vegetation 

Manufacturing,  Machinery  &  Tools 

0101  Producibility  Measurement  Handbook 

01 02  Manufacturing  Ethyl  Acetate  from  Fermentation 
Ethanol — A  conceptual  process  would  use  a  dilute 
product  of  fermentation  instead  of  concentrated 
ethanol. 

0103  Reusable  Mechanical  Pin  Puller — The  puller  can  be 
used  in  the  testing  of  systems  that  normally  use 
expensive  pyrotechnic  pullers. 

01 04  Staking  Pliers — Pliers  with  a  simple  modification 
deform  threads  quickly,  easily,  and  inexpensively. 

01 05  Verification  of  Tooling  for  Robotic  Welding — Com- 
puter simulations,  robotic  inspections,  and  visual 


inspections  are  performed  to  detect  discrepancies. 
(Licensing  Opportunity) 

Materials 

01 06  Method  of  Maintaining  the  Strength  of  Optical  Fibers 
(Licensing  Opportunity) 

0107  ESCA  Studies  of  Marine  Conditioning  Films  Per- 
formed 

0108  Initiating  Growth  of  Crystals  Away  From  Container 
Walls — Nucleation  would  be  controlled  to  obtain 
better  crystals.  (Licensing  Opportunity) 

0109  Microwave  Levitation  of  Small  Objects — Feedback 
control  and  an  atmosphere  would  not  be  needed. 

01 10  Salt  Filler  for  Making  Covered  Channels — Metal  salts 
offer  ease  of  application,  resistance  to  high-tempera- 
ture processing,  and  ease  of  removal.  (Licensing 
Opportunity) 

01 1 1  Temperature,  Thermal  Stress,  and  Creep  in  a 
Structure — A  better  creep  law  may  be  needed. 

Testing  &  Instrumentation 

01 12  Push  Tester  for  Laminated  Films — The  force  required 
to  crack  a  film  is  a  measure  of  Embrittlement. 

Other  Items  of  Interest 

0086     Gradient  Tempering  of  Bearing  Races — Fracture 
toughness  is  increased,  and  stress-corrosion 
cracking  reduced.  (Licensing  Opportunity) 

Medicine  &  Biology 

01 13  Resource  for  Human  Genetic  Analysis 

Testing  &  Instrumentation 

01 14  Ultrasonic  Device  Monitors  Fullness  of  the  Bladder — 
A  self-contained,  portable,  battery-powered  unit  is 
specifically  tailored  for  each  patient.  (Licensing 
Opportunity) 

0115  Portable  Video/Digital  Retinal  Funduscope — An 
inexpensive  instrument  can  be  operated  with  minimal 
training,  under  hospital  or  field  conditions.  (Licensing 
Opportunity) 

Natural  Resources  Technology  & 
Engineering 

01 16  Radar  Backscatter  From  the  Ocean  at  Low 
Windspeeds — Radar  scatterometry  can  be  used  to 
sense  winds  as  slow  as  2  m/s. 

01 17  Removing  Ambiguities  in  Remotely  Sensed  Winds — 
An  algorithm  selects  from  among  candidate  wind 
vectors  by  use  of  a  median  filter. 

Other  Items  of  Interest 

01 00     External  Abiotic  Agents  Affect  Vegetation 
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Physical  Sciences 

0118 


0119 


Copper-Exchanged  Zeolite  L  Traps  Oxygen — Simple 
chemical  treatments  make  this  material  an  efficient 
and  capacious  trap  for  oxygen. 

Conical  Mirrors  for  Quasi-Retroreflection — Angles  of 
incidence  could  range  more  widely  than  they  do  for 
corner-cube  reflectors. 


Testing  &  Instrumentation 

01 20  Acoustic  Waves  Improve  Chemical  Detection  for 
Industry 

0121  Two-Dimensional  Acousto-Optical  Spectrum  Ana- 
lyzer— Spectral  resolution  is  extended  to  about  1 0(5) 
channels. 

0122  Microscope  Would  Image  X  and  r  Rays  — High 
spatial  and  moderate  spectral  resolution  would  yield 
new  information  in  several  fields  of  research. 
(Licensing  Opportunity) 

Transportation  &  Components 

01 23  Research  on  Controls  and  Displays  for  V/STOL 
Airplanes — Advanced  control  systems  are  needed  for 
complicated  maneuvers  under  adverse  conditions. 
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0060  Artificial  Flowers,  So  lovely,  So  Lethal  to  Moths 

0061  Inhibit  Melanin:  Your  Fungal  Problems  are  Over 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Artificial  Flowers,  So  Lovely,  So  Lethal  to  Moths 


• 


An  insect  scientist  who  fashions 
fake  flowers? 

Yes,  it's  true.  But  Peter  J.  Landolt's 
trick  blossom  isn't  the  product  of  a 
newfound  hobby.  It's  part  of  a  novel 
system  that  annihilates  female  cabbage 
looper  moths  without  harming  the 
environment. 

The  ARS  entomologist  fashioned  a 
faux  flower  to  resemble  a  blossom  of 
the  tropical  night-blooming  jessamine 
shrub,  after  discovering  that  female 
looper  moths  are  attracted  to  the 
blossom's  scent. 

The  "petal"  part  of  Landolt's  flower 
is  highly  reflective  white  tape,  which 
mimics  the  shrub's  blossom  as  the  sun 
begins  to  set  (that's  moth-feeding 
time).  And,  instead  of  a  stamen  filled 
with  nectar,  Landolt's  creation  sports  a 
glass  capillary  tube  filled  with  sugar, 


synthetic  copies  of  the  flower's  scents, 
and  an  insecticide  called  methomyl. 

The  scents  were  identified  and 
reproduced  in  the  laboratory  by  chemist 
Robert  R.  Heath,  who  works  with 
Landolt  at  ARS'  Insect  Attractants, 
Behavior,  and  Basic  Biology  Research 
Laboratory  in  Gainesville,  Florida. 

Adult  females  searching  for  nectar 
pick  up  on  the  scent  and  follow  it  to  the 
area.  When  they  are  close  enough  to  see 
the  fake  blossom,  they  fly  to  it  and  insert 
their  proboscis  into  the  capillary  tube, 
sucking  up  the  deadly  mixture. 

"Methomyl  is  a  highly  toxic 
chemical,"  Landolt  says.  But  the 
beauty  of  the  system  is  that  the  poison 
stays  in  the  tube  and  in  the  insect — 
and  doesn't  get  sprayed  into  the 
environment. 

In  flight  tunnel  tests — in  which 


A  female  cabbage  looper  moth  is  lured  to  a  fake  flower  resembling  a  blossom  of  the 
tropical  night-blooming  jessamine  shrub. 


60 


adult  insects  must  fly  against  a  wind 
current  to  reach  the  scent  and  fake 
flower — the  system  offered  100 
percent  control.  "Every  moth  was 
attracted,  fed  on  our  dispenser,  and 
died,"  Landolt  says. 

Landolt  conducted  field  tests  this  past 
summer  and  is  tabulating  results  now. 

"This  promises  to  be  a  very 
effective  way  to  annihilate  adult 
females  as  they  search  for  nectar," 
without  releasing  chemical  pesticides 
into  a  crop  field.  By  targeting  adult 
females  before  they  lay  eggs,  a  next 
generation  of  loopers  is  thwarted. 

Loopers  devour  cabbage,  broccoli, 
cauliflower,  celery,  green  leafy 
vegetables,  peas,  potatoes,  tomatoes 
and  other  crops — to  the  tune  of  at  least 
$100  million  per  year. 

The  research  project  began  as  a 
casual  observation  by  Landolt  when  he 
lived  in  Miami  several  years  ago.  Like 
many  Floridians,  Landolt  had  two  of  the 
beautiful  night-blooming  jessamine  shrubs 
in  his  yard,  even  though  "they  stink — so 
bad  they'll  give  you  a  headache." 

But  that's  obviously  not  the  effect 
the  shrub  has  on  several  kinds  of 


moths.  "When  the  shrubs  were 
blooming,  they  were  always  covered 
with  moths  feeding  on  the  flowers,"  he 
says.  The  moths  turned  out  to  be  two 
relatives  of  the  cabbage  looper. 

Heath  and  Landolt  worked  to 
identify  which  scents  were  responsible 
for  attracting  the  moths  to  the  flowers 
and  then  reproduced  them.  Next,  they 
tested  the  moths'  response  to  different 
types  of  sugar  solutions  and  chose  the 
best  one.  Then  they  tested  many 
different  formulations  of  the  scents,  the 
sugars,  and  methomyl  to  pick  the  best 
release  rate.  "We  tested  pesticide 
dosages,  because  we  don't  want  the 
lure  to  have  so  much  methomyl  that  it 
becomes  a  repellant.  And  yet  we 
wanted  the  best  mortality." 

Landolt  hopes  to  adapt  the  system 
for  soybean  loopers  and  perhaps  other 
pests  as  well. 


Peter  Landolt  and  Robert  Heath  are 
at  the  USDA-ARS  Insect  Attractants, 
Behavior,  and  Basic  Biology  Research 
Laboratory,  1700  SW  23rd  Drive, 
Gainesville,  FL  32604.   Phone  (904) 
374-5756.    ♦ 
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U.S.  Department  of  Agriculture 


Inhibit  Melanin:  Your  Fungal  Problems  are  Over 


The  secret  to  fighting  crop-  damag- 
ing fungi  often  lies  not  in  destroying 
them,  but  in  simply  disarming  them. 

So  says  Michael  H.  Wheeler,  a 
chemist  with  the  Agricultural  Research 
Service's  Cotton  Pathology  Research 
Unit  at  College  Station,  Texas. 

Wheeler  says  the  power  behind  the 
fungi's  punch  is  a  natural  compound 
called  melanin — the  same  compound 
that  gives  fungi  their  characteristic 
black  or  brown  color. 

Fungi  often  invade  crop  plants  by 
forming  probes  that  penetrate  plant 
tissue.  In  certain  fungi,  melanin  must 
first  accumulate  in  the  cell  wall  of  a 
specialized  structure  that  grows  from 
the  fungus.  This  structure,  called  an 
appressorium,  then  produces  the 
probes  that  penetrate  the  plant  tissue. 

An  ARS  team  that  has  included 
Wheeler,  chemist  Robert  D. 
Stipanovic,  plant  pathologist  Alois  A. 
Bell,  and  others  is  studying  the  way 
that  fungi  manufacture  melanin. 

Melanin's  importance  in  fungal 
attacks  has  been  known  for  a  while. 
Chemicals  used  since  the  1970's  to 
fight  a  crop  disease  called  rice  blast 
have  operated  by  blocking  production 
of  melanin  by  the  rice  blast  fungus. 

But  it  was  Wheeler  and  the  other 
ARS  researchers  who  discovered 
precisely  how  fungi  make  melanin. 
And  it  was  Wheeler  who  subsequently 
discovered  the  same  melanin-making 
process  in  more  than  30  other  fungi, 
including  several  major  culprits 


causing  crop  disease. 

"Even  when  melanin  isn't  essential 
to  a  fungal  attack  on  a  crop,  it  may  still 
be  crucial  to  protecting  the  fungus," 
says  Wheeler.  "If  you  take  a  fungal 
structure  that  has  lost  its  ability  to  make 
melanin  and  put  that  structure  in  the 
soil,  there  is  good  evidence  that  in  most 
cases,  it  will  be  broken  down  by  soil 
microorganisms  in  a  few  days  or  weeks. 

"But  the  ones  with  melanin  can 
survive  in  the  soil  for  several  years. 
Also,  they're  more  resistant  to  ultravio- 
let and  other  forms  of  radiation." 

While  melanin-inhibiting  chemicals 
such  as  tricyclazole  and  pyroquilon  are 
used  to  prevent  rice  blast  in  other 
countries,  notably  Japan,  they  are  not 
registered  for  use  in  the  United  States. 

Nor  are  U.S.  chemical  companies 
rushing  to  register  and  market  those 
products  here  because  of  the  high  costs 
of  doing  so,  according  to  Wheeler. 

But  understanding  exactly  how 
fungi  make  melanin  gives  scientists  a 
chance  to  find  other  ways  to  interfere 
with  the  process  and  leave  fungi 
defenseless  in  the  soil,  Wheeler  says. 

"If  we  can  damage  the  fungus' 
ability  to  make  melanin,  then  we  could 
let  soil  microorganisms  or  other 
environmental  stresses  do  the  rest,"  he 
says. 

Michael  H.  Wheeler  is  in 
USDA-ARS  Cotton  Pathology  Re- 
search, Rt.  5,  Box  805,  College  Station, 
TX  77845.  Phone  (409)  260-9233.    ♦ 
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Characterizing  Computers  and  Predicting  Computing  Times 

Times  necessary  to  run  given  programs  on  given  computers  can  be  predicted  fairly  accurately. 


An  improved  method  for  evaluation  and 
comparison  of  computers  running  the 
same  or  different  FORTRAN  programs  has 
been  devised.  It  enables  one  to  predict  the 
time  necessary  to  run  a  given  "bench- 
mark" or  other  standard  program  on  a 
given  computer,  in  scalar  mode  and  with- 
out optimization  of  the  codes  generated 
by  the  compiler.  Such  "benchmark"  run- 
ning times  are  principal  measures  used 
to  characterize  the  performances  of  com- 
puters; as  such,  they  are  of  interest  to  de- 
signers, manufacturers,  programmers,  and 
users. 

Heretofore,  the  time  to  execute  a  bench- 
mark program  on  a  specific  computer  had 
to  be  determined  either  by  running  that  pro- 
gram on  that  computer  or  else  by  extrap- 
olation from  similar  benchmark  programs 
for  which  data  were  available  Such  "bench- 
marking" often  gives  an  oversimplified 
measure  that  is  not  particularly  useful  in 
comparing  performances,  extrapolation  is 
difficult  if  not  impossible  in  many  cases, 
and  neither  benchmarking  nor  extrapola- 
tion measures  the  structural  character- 
istics of  equipment  and  programs  that  af- 
fect running  times. 

In  a  sense,  the  new  method  also  in- 
volves benchmarks  and  extrapolation,  but 
with  an  important  difference:  it  breaks 
down  the  problem  into  smaller  measurable 
components  in  a  process  that  involves  the 
characterization  of  the  computer  and  the 
separate  characterization  of  the  bench- 
mark or  other  program,  followed  by  a  syn- 
thesis that  yields  a  prediction  of  the  per- 
formance of  the  computer  running  that 
program  (see  figure).  For  the  characteriza- 
tion of  the  computer,  the  method  pre- 
scribes one  or  more  "system  characteriz- 
es," which  are  computing  experiments 
that  detect,  isolate,  and  measure  features 


The  System  Characterizer  and  the  Pro- 
gram Analyzer  acting  in  conjunction  with 
the  execution  predictor,  predict  the  time 
required  to  execute  a  given  FORTRAN  ap- 
plication program  on  a  given  computer. 

of  the  hardware  and  the  software  that  runs 
on  it.  These  features  describe  the  system 
and  determine  its  performance.  The  ac- 
curacy of  the  description  depends  on  the 
number  and  detail  of  the  experiments.  For 
example,  a  very  coarse  descriptive  model 
would  be  one  in  which  all  floating-point  op- 
erations are  represented  by  only  one  pa- 
rameter. The  same  system  characterizer, 
consisting  of  FORTRAN  program  con- 
structs, is  run  on  all  the  computers  of  in- 


terest. The  output  produced  by  the  char- 
acterizer constitutes  the  data  base  that  will 
be  used  to  estimate  performance. 

For  the  characterization  of  the  bench- 
mark or  other  application  program,  the 
method  prescribes  an  algorithm  called  the 
"program  analyzer,"  which  analyzes  the 
program  to  determine  how  it  will  be  ex- 
ecuted in  the  given  system.  The  param- 
eters chosen  for  this  decomposition  are 
exactly  the  set  of  operations  supported  by 
the  programming  language.  Thus,  the  im- 
plementation of  the  program  analyzer  re- 
quires the  modification  of  the  compiler  to 
obtain  the  static  properties  of  the  applica- 
tion program  and  the  "instrumentation"  of 
the  source  or  object  code  to  produce  dy- 
namical statistics  at  run  time.  These  prop- 
erties and  statistics  enable  the  prediction 
of  the  dynamic  behavior  of  the  application 
program. 

The  execution  predictor  is  the  algorithm 
that  combines  the  outputs  of  the  system 
characterizer  and  the  program  analyzer. 
It  predicts  the  total  execution  time  for  a 
program  as  a  linear  combination  of  execu- 
tion times  of  its  component  operations. 
Thus  far,  the  method  has  yielded  fairly  ac- 
curate predictions  of  the  execution  times 
of  10  benchmark  programs  on  10  different 
computers. 

This  work  was  done  by  Rafael  H. 
Saavedra-Barrera  of  the  University  of  Cali- 
fornia for  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
CR-177511  [N89-15648],  "Machine  Charac- 
terization and  Benchmark  Performance 
Prediction." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
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Developing  Confidence  Limits  for  Reliability  of  Software 

The  "pivotal"  approach  expands  the  estimation  capability  of  the  Moranda  model. 


A  technique  has  been  developed  for  es- 
timating the  reliability  of  software  by  use 
of  the  Moranda  geometric  de-eutrophica- 
tion  model.  The  major  premise  of  Moran- 
da's  model  with  respect  to  the  reliability 
of  software  is  that  the  rate  of  failure  of  the 
software  decreases  in  a  geometric  pro- 
gression as  bugs  (design  flaws  and  coding 
errors)  are  removed  from  the  software,  and 
this  decreasing  failure  rate  implies  growth 
in  the  reliability. 

Heretofore,  work  on  mathematical  mod- 
els for  the  growth  of  reliability  of  software 
has  emphasized  the  estimation  of  only  the 
parameters  of  the  models  by  least-squares 
or  maximum-likelihood  techniques.  How- 
ever, only  single-point  estimates  and  as- 
ymptotic approximations  for  reliability  are 
directly  attainable  from  the  estimates  of 
the  model  parameters.  The  emphasis  of 
the  work  reported  here  has  been  on  ex- 
tending the  estimation  procedures  by  de- 
veloping confidence  limits  for  reliability  and 
prediction  limits  for  the  time  to  the  next 
failure  based  on  Moranda's  model. 

Inasmuch  as  confidence  and  prediction 
limits  for  reliability  are  not  directly  obtain- 
able from  the  estimates  of  the  parameters 
of  the  model,  a  technique  called  the  "pivo- 
tal method"  is  utilized.  The  pivotal  method 
enables  a  straightforward  construction  of 
exact  bounds  with  an  associated  degree 
of  statistical  confidence  about  the  reliabili- 
ty of  the  software.  The  confidence  limits 
thus  derived  provide  precise  means  of  as- 
sessing the  quality  of  software.  The  limits 


take  into  account  the  number  of  bugs 
found  while  testing  and  the  effects  of  sam- 
pling variation  associated  with  the  random 
order  of  discovering  bugs. 

The  testing-and-development  process 
consists  of  putting  a  series  of  randomly 
selected  test  cases  into  the  software  and 
correcting  bugs  as  they  occur.  No  assump- 
tions beyond  the  proper  repair  of  an  iden- 
tified bug  are  made  as  to  whether  new 
bugs  are  introduced  during  the  repair.  In- 
terest is  focused  primarily  on  the  times  be- 
tween detecting  bugs.  In  general,  as  more 
bugs  are  repaired,  the  interfailure  times  are 
expected  to  increase. 

Moranda's  geometric  de-eutrophication 
model  is  used  to  model  the  interfailure 
times  resulting  from  the  testing  process. 
The  parameters  of  the  model  are  estimat- 
ed by  use  of  maximum-likelihood  tech- 
niques. Then  the  pivotal  approach  to  sta- 
tistical estimation  is  used  to  derive  the 
equations  for  the  confidence  limits  for  re- 
liability and  the  prediction  limits  for  the 
time  to  the  next  failure.  The  accuracy  of 
asymptotic  approximations  to  both  the 
confidence  and  prediction  limits  is  also  ex- 
amined. Further,  the  effect  of  departures 
from  the  assumed  exponentially  distrib- 
uted interfailure  times  in  the  model  is  in- 
vestigated by  simulating  interfailure  times 
from  Pareto,  Weibull,  and  r  distributions. 

Results  show  that  the  method  of  pivotal 
functions  produces  exact  confidence  and 
prediction  limits  with  corresponding  de- 
grees of  statistical  assurance  of  the  quality 


of  the  estimates  of  reliability.  The  usual  ap- 
plication of  asymptotic  results  for  estimat- 
ing the  limits  is  inadequate  as  compared 
with  the  pivotal  approach,  especially  when 
only  a  small  number  of  bugs  have  been 
found  during  testing.  Furthermore,  the  dis- 
tributional form  of  the  interfailure  times 
does  influence  the  confidence  level  of  the 
prediction  limits,  but  the  limits  derived  by 
the  method  of  pivotal  functions  appear  ro- 
bust for  a  special  case  of  Pareto-distributed 
interfailure  times.  Because  of  the  sensi- 
tivity to  the  distribution  of  interfailure  times, 
use  of  the  Moranda  model  should  be  re- 
stricted to  cases  in  which  the  interfailure 
times  are  distributed  exponentially. 

From  this  analysis,  one  obtains  a  much 
better  understanding  of  the  value  and  limi- 
tations of  the  Moranda  model.  This  meth- 
odology should  provide  useful  information 
to  individuals  concerned  with  assessment 
of  the  reliability  of  software. 

This  work  was  done  by  Kelly  J.  Hayhurst 
of  Langley  Research  Center.  Further  in- 
formation may  be  found  in  NASA  TP-2709 
[N87-23244],  "Development  of  Confidence 
Limits  by  Pivotal  Functions  for  Estimating 
Softwa  re  Reliability. ' ' 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
LAR-14292/TN 
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DOS  Batch  Files  as  Control  Programs 

Small  subprograms  fit  within  the  limitation  on  random-access  memory. 


A  computer-programming  technique  cir- 
cumvents the  maximum  of  640K  imposed 
on  random-access  memory  (RAM)  by  DOS 
(Disk  Operating  System)  software.  The 
technique  is  needed  because  developers 
of  software  for  personal  computers  some- 
times find  that  the  sizes  of  their  applica- 
tion programs  exceed  this  limit.  (The  limit 
exists  in  many  aging  versions  of  DOS  now 
in  use;  newer  operating  systems  are  de- 
signed to  circumvent  the  limit.) 

The  technique  involves  breaking  an  ap- 
plication program  into  smaller  programs. 
Each  resulting  subprogram,  when  com- 
piled and  linked,  must  be  small  enough  to 
fit  within  640K  of  RAM,  and  is  retrieved 
from  storage  on  a  disk  as  needed.  In  terms 


of  DOS  software,  each  subprogram  is  an 
".EXE"  file  that  can  be  executed  in  a 
"stand-alone"  manner. 

A  DOS  batch  file  coordinates  the  execu- 
tion of  the  ".EXE"  files,  integrating  these 
files  into  one  seamless  application  pro- 
gram. Except  for  very  straightforward  ap- 
plications, means  must  be  provided  to  en- 
able this  controlling  batch  file  to  determine 
which  ".EXE"  file  should  be  executed  next; 
that  is,  to  enable  the  batch  file  to  vary  the 
execution  sequence  dynamically  during 
execution  as  needed.  The  determination 
depends  on  information  generated  during 
the  present  and  previous  parts  of  the  ex- 
ecution sequence. 

One  way  for  the  ".EXE"  files  to  com- 


municate this  information  back  to  the 
batch  file  is  by  setting  a  "flag"  file  on  the 
disk.  Most  high-level  computing  languages 
and  software-development  tools  provide 
software  interfaces  for  the  manipulation  of 
files  on  disks.  In  particular,  a  batch  file  has 
the  ability  to  check  for  the  existence  of 
other  files  on  a  disk.  By  making  an  ".EXE" 
file  change  the  name  of  a  certain  flag  file 
and  making  the  batch  file  check  for  the 
existence  of  specified  file  names,  one  can 
make  the  ".EXE"  file  "talk"  to  the  batch 
file,  as  required. 

This  work  was  done  by  David  A.  Van 
Dyk  of  Rockwell  International  Corp,  for 
Johnson  Space  Center. 
MSC-21570/TN 
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Solving  Constraint-Satisfaction  Problems  in  Prolog  Language 

Grammar-rule  notation  is  regarded  as  "state-change  notation." 


A  technique  for  the  solution  of  constraint- 
satisfaction  problems  uses  the  definite- 
clause  grammars  of  the  Prolog  computer 
language.  The  technique  exploits  the  fact 
that  the  grammar-rule  notation  can  be 
viewed  as  a  "state-change  notation."  Such 
notation  facilitates  the  development  of  a 
dynamic  representation  that  can  perform 
informed  as  well  as  blind  searches.  The 
technique  is  applicable  to  design,  schedul- 
ing, and  planning  problems. 

In  this  technique,  a  program  in  Prolog 
can  be  constrained  to  perform  a  depth-first 
search  to  find  one  solution  to  a  problem 
rather  than  to  perform  a  traditional  breadth- 
first  search  for  all  solutions  to  that  probiem. 


The  Prolog  grammar-rule  notation  is  used 
to  specify  a  goal  state  in  such  a  way  that 
the  elements  of  a  problem  are  addressed 
sequentially,  one  at  a  time.  The  breadth- 
first  Prolog  search  is  then  applied  to  each 
step  in  the  sequence  individually,  providing 
the  effect  of  a  depth-first  search. 

One  of  the  disadvantages  often  cited  for 
other  Prolog  formulations  of  problems  con- 
cerns the  computational  inefficiency  that 
can  result  for  certain  types  of  problems. 
The  new  technique  is  expected  to  reduce 
the  processing  time  required  to  solve  con- 
strained-search problems  formulated  in 
Prolog.  Furthermore,  the  informed-search 
feature  permits  a  partial  solution  to  be  pro- 


vided as  a  starting  point,  thereby  permit- 
ting the  omission  of  the  testing  associated 
with  other  possible  starting  points. 

This  work  was  done  by  Philip  R. 
Nachtsheim  of  Ames  Research  Center 
Further  information  may  be  found  in  NASA 
TM-101031  [N89-13974],  'A  Technique  for 
Solving  Constraint  Satisfaction  Problems 
Using  Prolog's  Definite  Clause  Grammars." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700.    ARC-12460 
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Trinary  Associative  Memory  Would  Recognize  Machine  Parts 

Some  deficiencies  of  binary  representations  are  overcome. 


Trinary  associative  electronic  and  opto- 
electronic memories  are  undergoing  devel- 
opment for  use  in  recognizing  patterns  — 
for  example,  to  distinguish  among  different 
machine  parts  when  stimulated  with  whole 
or  partial  views  of  the  parts.  Most  associa- 
tive memories  investigated  in  previous  re- 
search on  artificial  neural  networks  have 
been  based  on  two-valued  logic:  either 
unipolar  binary  (0,1)  or  bipolar  binary  (-1 ,1). 
The  trinary  associative  memory  combines 
the  merits  and  overcomes  major  deficien- 
cies of  the  unipolar  and  bipolar  logics  by 
combining  them  in  a  three-valued  (1,0,-1) 
logic  that  reverts  to  unipolar  or  bipolar 
binary  selectively,  as  needed  to  perform 
specific  tasks. 

The  advantage  of  an  associative  memo- 
ry is  that  one  obtains  access  to  all  parts 
of  it  simultaneously  on  the  basis  of  the 
content,  rather  than  the  address,  of  the 
data.  Consequently,  it  can  be  used  to  ex- 
ploit fully  the  parallelism  and  speed  of  op- 
tical computing.  When  stimulated  with  an 
input  vector  (which  could  be  a  complete 
or  partial  representation  of  the  pattern 
being  examined),  an  associative  memory 
puts  out  a  vector  that  may  or  may  not 
indicate  a  match  with  the  complete  vec- 
tor of  one  of  the  patterns  stored  in  the 
memory. 

In  the  Hopfield  neural-network  model, 
well  known  among  researchers  in  this 
field,  the  outer  product  of  a  vector  with  it- 
self is  used  as  a  memory  matrix  for  that 
vector,  and  thereafter  a  memory  matrix  is 
added  for  each  of  the  nearly  orthogonal 
stored  vectors.  Hopfield  networks  have 
been  implemented  by  use  of  bipolar  binary 
numbers  in  storing  vectors  and  unipolar 
binary  numbers  in  addressing  the  memo- 
ries. An  inner-product  representation  of  as- 
sociative memory  has  been  based  on  the 
Hopfield  model. 

Both  the  inner  product  and  the  Ham- 
ming distance  have  been  studied  as  can- 
didate measures  of  the  convergence  of  a 
vector  toward  one  stored  in  memory  (and, 
therefore,  as  measures  of  similarity  be- 
tween patterns  or  objects  represented  by 
the  vectors).  Usually,  the  Hamming  dis- 
tance has  been  used  as  a  measure  of  dis- 
similarity, overlooking  the  role  of  the  inner 
product  in  determining  convergence.  In 
cases  other  than  that  of  bipolar  binary  in- 
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Nine  Partial  Images  P1  through  P9  (each 
11  by  20  picture  elements),  were  used  to 
prompt  each  of  three  associative  memories 
in  a  computer  simulation.  Complete  pat- 
terns S1  through  S4  were  stored  in  the 
memories.  The  outputs  of  the  binary  as- 
sociative memories  converged  to  the  cor- 
rect pattern,  S2,  in  only  two  cases  but 
showed  false  convergence  (FC)  to  stored 
or  erroneously  synthesized  patterns  in  the 
other  cases.  The  outputs  of  the  trinary 
associative  memory  converged  to  the  cor- 
rect patterns  in  all  nine  cases. 


put,  the  Hamming-distance  criterion  has 
been  found  not  to  represent  directly  the 
continuing  matching  process  of  conver- 
gence. Inner-product  weighting  coefficients 
have  been  found  to  play  a  more  dominant 
role  in  many  representations  for  determin- 
ing convergence. 

Each  of  the  two  binary  representations 
has  its  own  merit.  With  bipolar  input  and 
thresholding,  the  outcome  of  the  conver- 
gence process  in  an  associative  memory 
always  agrees  with  the  minimum-Ham- 
ming-distance criterion.  At  the  same  time, 
the  bipolar  binary  representation  prevents 
the  input  from  converging  to  a  negative 
vector.  On  the  other  hand,  when  binary 
unipolar  representation  is  used,  a  memory 
typically  seems  to  recognize  partial  input, 
irrespective  of  its  Hamming  distance. 

In  the  trinary  associative  memory,  to 
make  the  inner  product  more  significant, 
one  can  use  matching  zeros.  This,  in  turn, 
requires  that  only  those  elements  of  a  par- 
tial input  vector  that  are  in  common  with 
a  stored  vector  be  represented  in  bipolar 
binary,  while  the  remaining  elements  (rep- 
resenting the  unknown  components  of  the 
input  vector)  are  set  to  zero.  The  inner  prod- 
uct that  corresponds  to  the  input  vector 
is  thereby  made  to  equal  the  number  of 
known  elements.  Thereafter,  one  can  apply 
thresholding  to  accelerate  convergence 
and  to  avoid  convergence  to  the  negative 
vector.  To  measure  closeness,  Hamming 
distance  should  be  used  only  for  the  known 
elements  and  not  for  the  whole  vector. 
Thus,  in  the  first  iteration,  the  unknown  por- 
tion of  the  input  is  kept  inert.  Only  after 
the  first  iteration  is  the  input  vector  rep- 
resented in  bipolar  binary  to  accelerate 
convergence. 

Computer  simulations  have  been  per- 
formed to  compare  the  abilities  of  trinary 
and  binary  associative  memories  with 
inner-product  thresholding  to  recognize 
two-dimensional  patterns  when  stimulated 
by  parts  of  those  patterns.  As  illustrated 
in  the  figure,  the  trinary  memory  gave  cor- 
rect outputs,  while  the  outputs  of  the  uni- 
polar memory  were  mostly  erroneous  and 
those  of  the  bipolar  memory  were  entire- 
ly erroneous. 

This  work  was  done  by  Hua-Kuang  Liu, 
of  Caltech,  Abdul  Ahad  S.  Awwal  of 
Wright  State  University,  and  Mohammad 
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SPC  Toolbox 


In  order  for  organizations  to  ensure 
long  term  success  and  produce  continu- 
ally improving  products,  a  change  in  the 
methods  and  tools  which  have  tradi- 
tionally been  used  for  their  management 
is  required.  The  recognition  of  a  need  for 
both  new  philosophies  and  techniques 
in  the  workforce  has  led  many  progres- 
sive organizations  to  adopt  and 
implement  the  Total  Quality  Manage- 
ment (TQM)  concept.  However,  TQM 
encompasses  much  more  than  the  simple 
recognition  of  the  importance  of  quality, 
it  also  necessitates  an  understanding  of  a 
number  of  analytical  tools. 

One  cornerstone  of  TQM  is  the  proper 
interpretation  of  variability  within  ei- 
ther a  manufacturing  or  "white  collar" 
environment.  In  order  to  differentiate 
between  common  and  special  causes  of 
variation,  statistical  tools  must  be  uti- 
lized. The  knowledgeable  use  of  these 
tools  can  transform  decision  making 
from  an  activity  based  largely  on  hunch 
to  one  based  entirely  on  fact.  The  appli- 
cation of  these  statistical  principles  in 


the  analysis  and  understanding  of 
variation  within  an  activity  is  known  as 
Statistical  Process  Control  (SPC). 

The  SPC  Toolbox  is  a  product  of  the 
PE  Tools  program,  which  is  adminis- 
tered by  the  Production  Engineering 
Division,  U.S.  Army  Missile  Command, 
Huntsville,  Alabama.  This  package  in- 
cludes both  the  software  and  support 
documentation  to  serve  as  a  tutorial  for 
the  SPC  concept  and  can  also  be  used  for 
real-world  applications.  The  software 
was  developed  to  run  on  an  IBM  PC  XT 
or  AT  or  compatible  and  requires  either 
CGA,EGA,  or  VGA  graphics  capabili- 
ties. To  obtain  a  free  copy  of  the  SPC 
Toolbox  (5  1/4  "  format),  please  submit 
your  request  to  the  below  address.  Please 
limit  your  requests  to  one  copy  per  orga- 
nization. 

Commander 

U.S.  Army  Missile  Command 

AMSMI-RD-SE-PE 

Attention:  PE  Tools 

Redstone  Arsenal,  AL  35898-5270 
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0068  Combined/ECCM  Diversity  Tropospheric  Transmission  System 
(Licensing  Opportunity) 

0069  Closed-Loop  Chopping-Mirror  Controller— Mirror  position  and  velocity 
are  electronically  sensed  and  commanded. 

0070  End-Loaded,  Cavity-Backed,  Cross-Slot  Antennas— Advantages  include 
lower  losses,  lighter  weights,  smaller  sizes,  and  greater  bandwidths. 

0071  Mode-Switching  Algorithms  for  Antenna  Servocontroller — Perturbations 
caused  by  switching  between  modes  are  expected  to  be  reduced. 

0072  Modular  VLSI  Reed-Solomon  Decoder — Multiple  chips  of  the  same  type 
would  be  concatenated  for  lower  cost  and  flexibility  of  design.  (Licensing 
Opportunity) 

0073  Resistor  Extends  Life  of  Battery  in  Clocked  CMOS  Circuit — The  circuit  is 
operated  at  low  power  to  reduce  current  drain. 

0074  Sapphire  Ring  Resonator  for  Microwave  Oscillator — Phase  noise  is 
reduced  to  a  new  low. 

0075  System  Acquires  and  Displays  Signal-Propagation  Data — The  system  is 
flexible  and  easy  to  operate. 


Software 

0076    Waveform-Generating  Program — A  variety  of  complicated  waveforms 
can  be  synthesized  digitally  from  simpler  component  waveforms. 


Testing  &  Instrumentation 

0077  Sensor  for  Electro-Optic  Voltage  Developed 

0078  Hole-lmpeded-Doping-Superlattice  LWIR  Detectors — Detectors  would 
operate  at  wavelengths  up  to  17  urn  and  temperatures  above  65  K. 

0079  Facility  Measures  Magnetic  Fields — Objects  are  magnetically 
characterized  and,  to  the  extent  possible,  magnetically  compensated. 
(Licensing  Opportunity) 


• 


Licensing 

U.S.  Army  Fact  Sheet opportunity 

Army  Communications-Electronics  Command 

Combined/ECCM  Diversity  Tropospheric 
Transmission  System 


A  technique  that  provides  a  capability  of  having  a  tropospheric 
transmission  link  remain  operational  in  a  high  interference 
e n  v :!.  r  o n m e n  t  by  u t  i  I  i  z  :i.  n g  s p r  e a d  s p e c  t  r  u m  perfect  no i  s e  codes  that 
yield  lobeless  compression  in  conjunction  with  simultaneously 
providing  optimum  M  fold  RAKE  diversity.   Perfect  noise  codes  (cod 
that  rumor  ess  1  obel  essi  y )  are  employed,,  theretor  the  ja  icor  r  e.i.  at  ed 
ret  u  r  n  s  c  a  n  b  e  o  r t  !"i  o  g  o  n  ally  gate  o  u  t  w  i  t  h  n  o  cancel  lati.  o  n  of  the 

then  be  processed  in  an  optimal  maximal,  ratio  combiner.   Optimum 
coherent  pulse  compression  is  achieved  to  provide  substantial  anti 

Q-r;^Tcr  np  DEVELOPMENT 


The  technique  can  be  used  in  any  multichannel  or  single  channel 
transmission  link  that  experiences  multipath  as  a  result  of 
operating  through  a  time  and /or  frequency  dispersive  medium  such  a- 
a n  H F  tra n s m i s s i  o n  1 i  n k  o p e r a t  i  n g  via  the  ionosphere  (sky  wave 
propagation)'  or    as  experienced  in  a  mobile  cellular  radio 

PATENT  STATUS 

U.S.  Patent  Number  4,270,207 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703,  Telephone  (908)544-3 119.  Refer 
to  Application  Assessment  Number  023. 
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Closed-Loop  Chopping-Mirror  Controller 

Mirror  position  and  velocity  are  electronically  sensed  and  commanded. 


The  motion  of  a  chopping  mirror  is  con- 
trolled very  precisely  by  a  feedback  circuit 
originally  developed  for  the  mirrors  in  orbit- 
ing infrared  telescopes.  The  new  controller 
enables  the  selection  of  different  chopping 
frequencies,  angular  amplitudes,  dwell 
times,  and  dwell  positions.  It  also  reduces 
noise  and  vibration  by  eliminating  mechan- 
ical stops  and  reduces  energy  consump- 
tion in  the  actuator  —  an  important  con- 
sideration in  infrared  telescopes,  which  are 
very  sensitive  to  thermal  disturbances. 

The  controller  is  used  with  a  mirror  that 
oscillates  about  a  diametral  axis  (see  fig- 
ure). It  senses  the  difference  between  the 
commanded  position  and  velocity  and  the 
actual  position  and  velocity  of  the  mirror, 
then  responds  by  sending  control  currents 
to  the  mirror  actuator  to  correct  the  error. 

A  digital  function  generator  generates 
the  position-  and  velocity-command  wave- 
forms that  repeat  at  the  selected  chopping 
frequency.  Regardless  of  the  frequency, 
the  position  waveform  is  a  trapezoid  de- 
signed to  hold  the  mirror  during  45  percent 
of  the  cycle  at  one  dwell  position,  45  per- 
cent of  the  cycle  at  the  opposite  dwell  posi- 
tion, and  5  percent  in  each  of  the  two  tran- 
sitions between  the  two  dwell  positions. 

In  principle,  the  velocity-command  sig- 
nal corresponds  in  amplitude  and  phase  to 
the  derivative  of  the  position  command. 
The  amplitude  and  phase  can  be  programed, 
however,  if  that  is  necessary  to  compen- 
sate for  nonlinearity  in  the  actuator 
response.  Both  command  signals  are  con- 
verted to  analog  form  and  fed  to  the  analog 
control  electronics. 


(Console) 


Chopplng- 

Frequency 

Select 


Digital 
Function 
Generator 


Current- 
Controlled 
Power 

Amplifier 


From  Capacltlve 
Position  Sensor 


(Console) 


The  Closed-Loop 
Controller  compares 
the  actual  angular  po- 
sition and  velocity  of 
the  oscillating  mirror 
with  the  commanded 
position  and  velocity. 
The  resulting  error 
signals  are  used  to 
control  the  current  to 
the  mirror  actuator 
and,  consequently, 
the  torque  applied  to 
the  mirror. 


Signals  corresponding  to  the  actual  mir- 
ror position  and  velocity  are  derived  from 
the  output  of  a  capacitive  position  sensor. 
The  analog  control  electronics  compare 
these  signals  with  the  command  signals. 
The  resulting  error  signals,  along  with  the 
integral  of  the  position-error  signal,  are 
multiplied  by  their  respective  gain  factors, 
then  summed.  The  resulting  signal  controls 
the  power  amplifier  that  generates  the  con- 
trol current  for  the  mirror  actuator. 

The  trapezoidal  waveform  was  chosen 
because  with  it  the  mirror  follows  a  path  of 
minimum  energy  consumption.  The  con- 
trol system  responds  by  accelerating  the 


mirror  to  the  commanded  angular  velocity 
at  the  beginning  of  the  angular  transition, 
then  decelerating  the  mirror  to  zero  angu- 
lar velocity  when  it  reaches  the  next  dwell 
position.  During  the  transition,  the  mirror 
coasts,  except  for  small  corrections  in  re- 
sponse to  velocity  errors.  The  total  energy 
required  by  the  two  impulses  is  about  one- 
fourth  that  required  by  a  comparable 
square-wave  controller. 

This  work  was  done  by  Kenneth  R. 
Lorell  of  Ames  Research  Center. 
ARC-11177fTN 
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End-Loaded,  Cavity- Backed,  Cross-Slot  Antennas 

Advantages  include  lower  losses,  lighter  weights,  smaller  sizes,  and  greater  bandwidths. 


End-loaded,  cavity-backed,  cross-slot  an- 
tennas are  being  developed  for  use  in  the 
mobile/satellite  service  and  other  similar 
commercial  services.  These  antennas  are 
intended  to  transmit  and  receive  in  circular 
polarization  at  frequencies  between  1  and 
2  GHz.  They  can  be  fabricated  and  tuned 
to  their  operating  frequencies  fairly  easi- 
ly. In  comparison  with  prior  crossed-slot 
antennas,  they  weigh  less,  cost  less,  and 
exhibit  lower  electrical  losses. 

Crossed-slot  antennas,  including  cavity- 
backed  versions,  have  been  used  before. 
End  loading  has  also  been  used  before  in 
antennas  of  other  types  to  decrease  the 
resonant  lengths  of  radiating  elements.  In 
this  case,  the  crossed-slot,  cavity-backed 
and  end-loaded-antenna  concepts  are  com- 
bined to  obtain  the  advantages  of  all  three. 

The  figure  illustrates  cavity-backed 
cross-slot  antennas  both  without  end 
loading  and  with  several  different  end- 
loading  shapes.  The  feed  lines  are  con- 
nected via  four  straight  coaxial  probes 
placed  symmetrically  at  90°  intervals.  Pro- 
ceeding in  a  circle  around  the  center,  each 
probe  is  excited  90°  out  of  phase  with 
respect  to  the  preceding  probe.  Because 
each  pair  of  geometrically  and  electrical- 
ly opposing  probes  lies  fn  the  null  field  of 
the  other  pair,  cross-polarization  is  mini- 
mized. The  center  conductor  of  each 
probe  is  soldered  to  the  top  (slotted)  plate 
of  the  cavity,  while  the  outer  conductor  is 
soldered  or  otherwise  fastened  to  the  bot- 
tom plate. 

The  end  loading  (widening  at  the  ends) 
increases  the  electrical  length  of  a  slot, 
thereby  decreasing  its  resonant  frequen- 


Cavity-Backed  Cross-Slot  Antennas  can 

be  made  without  end  loading  or  with  end 
loading  tailored  to  obtain  various  desir- 
able electrical  characteristics. 


& 


Air  or  Probe  (One       Coaxial 

Copper     Dielectric  of  Four)       Connector 

Filling 

BASIC  CROSSED-SLOT  CONFIGURATION 


CROSSED-SLOT  CONFIGURATIONS 
WITH  VARIOUS  END  LOADS 


cy  (or,  equivalent^,  making  it  possible  to 
use  a  she  cr  slot  to  obtaii  n  reso- 

nant frequency).  Thus,  by  use  of  end  load- 
ing, one  can  make  the  antenna  smaller 
(and,  therefore,  lighter  in  weight).  Alterna- 
tively, one  can  exploit  this  effect  to  counter- 
act the  decrease  in  electrical  length  (or, 
equivalent^,  the  increase  in  resonant  fre- 
quency) that  occurs  upon  removal  of  the 
dielectric  filling  from  the  cavity. 

These  antennas  have  very  good  radio- 
frequency  characteristics.  Antennas  with 
air-filled  cavities  exhibit  lower  losses  than 
do  those  with  dielectric-filled  cavities,  and 
the  elimination  of  the  dielectric  reduces 
weight.  Moreover,  air-filled-cavity  antennas 
have  larger  bandwidths  (lower  voltage 
standing-wave  ratios  over  wider  frequen- 
cy ranges)  and,  in  comparison  with  anten- 
nas that  contain  low-loss  dielectrics,  are 
less  expensive.  These  antennas  do  not  re- 
quire external  tuning  circuits,  and  the 
elimination  of  these  circuits  reduces  both 
costs  and  electrical  losses  even  further. 
This  work  was  done  by  Farzin 
Manshadi  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
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Mode-Switching  Algorithms  for  Antenna  Servocontroller 

Perturbations  caused  by  switching  between  modes  are  expected  to  be  reduced. 


New  algorithms  have  been  proposed  to 
reduce  acceleration  and  velocity  pertur- 
bations caused  by  transitions  between  the 
control  modes  of  a  servocontrol  system. 
The  system  in  question  aims  a  70-m-di- 
ameter  antenna.  It  is  desirable  to  reduce 
these  perturbations  because  they  excite 
vibrations  in  the  antenna  structure,  thereby 
increasing  the  time  required  to  aim  the 
antenna  in  a  new  direction  and  contrib- 
uting to  mechanical  wear  in  the  antenna- 
aiming  mechanisms. 

The  servocontrol  system  consists  of  a 
position-control  loop  closed  around  a  rate 
(velocity)-control  loop.  The  rate  loop  is  an 
analog  type-l  controller.  A  rate  command 
(voltage)  from  the  position-loop  controller 
is  compared  to  filtered  tachometer  feed- 
back rate  (voltage)  to  create  a  rate  error. 
The  rate  loop  adjusts  the  actuator-com- 
mand signal  to  null  the  rate  error,  causing 
the  antenna  to  turn  at  the  commanded 
rate. 

The  position  loop  is  closed  by  a  digital 
computer  called  the  "antenna  servocon- 
troller" (ASC),  which  is  a  type-ll  controller 
that  positions  the  antenna  on  the  basis  of 
position  commands.  Three  control  modes 
are  effected  via  algorithms  that  reside  in 
the  ASC:  (1)  a  slewing  mode  called  the 
"large-error"  mode;  (2)  a  computer  track- 
ing mode  called  the  "small-error"  mode; 
and  (3)  a  precise  tracking  mode  called  the 
"precision"  mode.  The  large-error  mode 
is  used  to  slew  the  antenna  over  large  an- 
gular displacements.  The  small-error  mode 
is  used  to  tracK  position  commands  with 
encoder  feedback.  The  precision  mode  is 
used  to  track  a  precise  positioner,  by  use 
of  an  optical  link  (an  autocollimator)  as  a 
position-feedback  device. 

In  the  new  mode-switching  algorithm, 
a  transition  from  the  small-error  mode  to 
the  large-error  mode  is  made  when  the 
position  command  requires  a  large  angular 
motion.  A  transition  from  the  large-error 
mode  to  the  small-error  mode  is  made 
when  the  position  error  is  small.  The  logic 
for  transitions  between  the  small-error  and 
precision  modes  remains  the  same  as  the 
old  mode-switching  logic. 

The  large-error  mode  was  modified  for 
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Perturbations  in  a  Rate  Command  occur  at  transitions  between 

small-  and  large-error  control  modes.  The  transitions  are  smoother 
with  the  new  mode-switching  algorithms  aznd  control  modes. 
These  plots  represent  the  simulated  rate-command  responses  to 
a  1°  step  change  in  a  position  command. 


use  with  the  new  mode-switching  algo- 
rithms and  separated  into  two  parts:  the 
new  large-error  mode  and  the  modified 
small-error  mode.  The  new  large-error  mode 
accelerates  the  antenna  from  the  small- 
error  mode  to  the  maximum  slewing  rate 
by  use  of  a  digital  Bessel  filter.  The  mod- 
ified small-error  mode  is  one  of  two  sub- 
modes  of  a  new  small-error  mode  and  is 
a  type-l  controller.  It  decelerates  the  anten- 
na from  the  maximum  slewing  rate  and 
makes  a  transition  into  the  other  small- 
error  submode,  which  is  a  type-ll  small- 
error  mode.  It  makes  this  transition  by 
"turning  on"  the  integral-error  state  in  a 
state  controller.  Simulations  showed  that 
the  combination  of  the  new  switching  al- 
gorithms and  modified  control  modes 
should  provide  smoother  transitions  be- 


tween the  small-  and  large-error  modes 
with  fewer  acceleration  and  rate  perturba- 
tions (see  figure). 

The  switching  between  the  small-error 
and  precision  modes  was  improved  by 
using  the  same  Bessel  filter  as  in  the  large- 
error  mode  and  by  matching  control  gain. 
The  misalignment  error  was  filtered  to  pro- 
vide smoother  and  more-stable  transitions. 
Simulations  showed  improved  stability, 
robustness,  and  smoothness  of  transitions 
between  the  small-error  and  precision 
modes. 

This  work  was  done  by  Jack  A.  Nicker- 
son  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
NPO-17489/TN 
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Modular  VLSI  Reed-Solomon  Decoder 

Multiple  chips  of  the  same  type  would  be  concatenated  for  lower  cost  and  flexibility  of  design. 


A  proposed  Reed-Solomon  decoder 
would  contain  multiple  very-large-scale  in- 
tegrated (VLSI)  circuit  chips  of  the  same 
type.  Heretofore,  a  typical  VLSI  implemen- 
tation of  a  Reed-Solomon  decoder  has 
been  made  of  as  many  as  five  different  cir- 
cuit chips,  each  of  which  performs  func- 
tions from  a  different  stage  of  the  Reed- 
Solomon  decoding  process.  The  principal 
disadvantage  of  the  prior  approach  is  the 
high  cost  of  developing  the  different  chips. 
Because  the  proposed  decoder  would 
contain  chips  of  only  one  type,  the  cost 
of  development  should  be  reduced  by  a 
factor  of  about  5.  In  addition,  the  proposed 
decoder  would  be  programmable  in  the 
field  and  could  be  switched  between  8-bit 
and  10-bit  symbol  sizes. 

*  In  the  proposed  decoder,  each  chip 
would  contain  sets  of  logic  cells  and  sub- 
cells  that  perform  functions  from  all  stages 
of  the  decoding  process.  The  full  decod- 
er would  then  be  assembled  by  concate- 
nating the  chips,  with  selective  utilization 
of  the  cells  in  particular  chips  (see  Figure 
1).  Finite-field  multipliers  are  basic  building 
blocks  of  Reed-Solomon  decoders,  and 
a  programmable  finite-field,  normal-basis 
finite-field  multiplier  switchable  between 
8-  and  10-bit  operation  has  been  designed 
for  use  as  a  basic  building  block  of  each 
chip. 

In  turn,  each  chip  would  serve  as  a 


basic  building  block  of  the  full  decoder. 
Also  as  shown  in  Figure  1,  each  chip 
would  be  divided  into  eight  rows.  The  first 
row  would  be  the  syndrome-computation 
cell  and  would  consist  of  eight  identical 
syndrome  subcells.  Both  the  shift  registers 
and  the  finite-field  multipliers  in  the  syn- 
drome-computation cell  and  the  following 
cells  would  be  made  switchable  between 
8-  and  10-bit  operation,  thereby  making  the 
entire  decoder  switchable  between  8-  and 
10-bit  operation.  The  second  row  would 
consist  of  eight  polynomial-expansion  sub- 
cells.  The  third  row  would  consist  of  eight 
power-expansion  subcells.  The  fourth  row 
would  consist  of  eight  polynomial-evalua- 
tion subcells,  which  could  also  be  used 
to  do  the  Chien  search.  The  fifth  row  would 
consist  of  eight  modified-Euclidean-algo- 
rithm  subcells.  The  sixth  row  would  con- 
tain such  miscellaneous  cells  as  counters, 
shift  registers  and  finite-field  multipliers, 
which  would  provide  "glue  logic." 

Figure  2  illustrates  the  configuration  of 
a  decoding  system  that  would  include  the 
proposed  Reed-Solomon  decoder.  A  host 
computer  (which  could  be  a  personal  com- 
puter) would  issue  commands  to  the  rest 
of  the  system.  An  input  module  consisting 
mostly  of  memory  chips  would  store  the 
received  messages.  Such  operations  as 
formatting,  conversion  of  basis  (if  both  a 
standard  and  a  dual  basis  are  used),  and 


zero-fill  would  be  performed  in  the  input 
module.  Similarly,  an  output  module  would 
store  the  decoded  symbols  and  perform 
such  operations  as  reconversion  of  basis, 
reformatting,  and  zero  stripping.  A  control 
memory  would  store  all  the  signals  used 
to  control  the  VLSI  chips.  (Because  of  the 
large  number  of  control  signals  needed  to 
control  VLSI  chips,  the  partitioning  of  these 
chips  would  become  very  difficult  if  con- 
trol-signal generators  were  to  be  included.) 

This  work  was  done  by  In-Shek  Hsu 
and  Trieu-Kie  Truong  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NP0-17897/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


8-Bit  Decoder:  Four  Chips 
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10-Bit  Decoder:  Eight  Chips 


Eight  Syndrome  Subcells 


Eight  Polynomial-Expansion  Subcells 


Eight  Power-Expansion  Subcells 


Eight  Polynomial-Evaluation  Subcells 


Eight  Modlfled-Euclidean-Algorlthm  Subcells 


Miscellaneous  Cells 


DETAIL  OF  ONE  CHIP 


Figure  1 .  The  Reed-Solomon  Decoder  would  be  an  assembly  of 
identical  VLSI  circuit  chips. 
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Figure  2.  The  Decoding  System  would  include  the  decoder  of 
Figure  1  plus  four  other  modules. 
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Resistor  Extends  Life  of  Battery  in  Clocked  CMOS  Circuit 

The  circuit  is  operated  at  low  power  to  reduce  current  drain. 


The  addition  of  a  fixed  resistor  between 
a  battery  and  a  clocked  complementary 
metal  oxide/semiconductor  (CMOS)  circuit 
(see  Figure  1)  reduces  the  current  drawn 
from  the  battery.  This  simple  expedient  can 
prolong  the  lives  of  batteries  in  such  low- 
power  CMOS  circuits  as  watches  and 
calculators. 

The  basic  idea  is  to  minimize  the  cur- 
rent drawn  from  the  battery  by  operating 
the  CMOS  circuit  at  the  lowest  possible 
current  consistent  with  the  use  of  simple, 
fixed  off-the-shaft  components.  The  prin- 
ciple of  operation  is  illustrated  in  Figure 
2,  which  shows  the  nonlinear  current-vs.- 
voltage  characteristics  of  the  circuit  in 
question.  The  upper  and  lower  curves  de- 
note the  limits  of  unit-to-unit  and  thermal 
variations  in  these  characteristics. 

To  provide  enough  power  under  worst- 
case  conditions  (the  lower  curve),  it  is  nec- 
essary to  set  the  battery  voltage  fairly  high. 
As  a  result,  the  battery,  which  has  low  re- 
sistance, would  initially  drain  at  a  rate  great- 


^100  K 

CMOS 
Circuit 

_ Dypdbb    I 

Figure  1.  The  Resistor  in  Series  With  the 
Battery  reduces  the  current  drawn  by  the 
CMOS  circuit,  thereby  prolonging  the  life 
of  the  battery.  The  bypass  capacitor 
smooths  out  operating  transients. 


Battery 


er  than  that  required  by  the  CMOS  circuit 
unless  a  power-conditioning  circuit  of  some 
kind  were  added.  In  this  case,  the  fixed 
resistor  (typically  >  100  kO)  in  series  with 
the  battery  acts  as  the  power  conditioner, 
allowing  the  CMOS  circuit  to  effectively 
regulate  its  own  operation  to  a  lower  volt- 
age and  current.  When  the  battery  is  fresh, 
the  operating  point  lies  somewhere  along 
the  line  between  points  C  and  D.  When  the 
battery  is  weak,  the  operating  point  lies  on 
the  line  between  points  E  and  F. 

Point  F  is  the  point  of  minimum  op- 
erating current.  Because  this  current  is 
relatively  low,  the  resistor  has  little  ef- 
fect near  the  end  of  the  useful  life  of  the 
battery;  that  is,  even  if  the  series  resistor 
were  shorted  out  once  the  current  fell  to 
the  minimum,  the  current  would  soon  fall 
to  the  minimum  again. 

This  work  was  done  by  George  H. 
Wells,  Jr.  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17967/TN 


Weak 
Battery 


Fresh 
Battery 


Figure  2.  The  CMOS  Circuit  operates  at  the 
intersection  of  the  applicable  straight  line 
and  the  applicable  nonlinear  current-vs.- 
voltage  characteristic.  The  current  drain 
with  resistance  added  is  much  less  than 
it  is  without  resistance  added. 
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Sapphire  Ring  Resonator  for  Microwave  Oscillator 

Phase  noise  is  reduced  to  a  new  low. 


A  sapphire  dielectric  ring  resonator  op- 
erating in  a  "whispering-gallery"  mode 
helps  to  stabilize  the  frequency  and  phase 
of  a  microwave  oscillator.  Although  micro- 
wave carrier  signals  can  be  obtained  by 
frequency  multiplication  of  the  outputs  of 
quartz-crystal  oscillators  operating  at  5  to 
10  MHz,  the  resulting  signals  (typically  at 
frequencies  of  tens  of  gigahertz)  contain 
too  much  phase  noise  to  be  useful  in  some 
radio-science  measurements.  The  new 
resonator  reduces  the  phase  noise  ap- 
preciably at  room  temperature  and  prom- 
ises unprecedented  stability  of  phase  at 
cryogenic  temperatures. 

The  stabilizing  effect  is  the  result  of  the 
high  0  (27T  times  the  average  electromag- 
netic energy  stored  divided  by  the  energy 
dissipated  per  cycle  of  oscillation  —  a 


measure  of  the  quality  or  sharpness  of  the 
resonance)  of  the  resonator.  The  "whisper- 
ing-gallery" type  of  operation  helps  to 
achieve  the  low  loss  necessary  for  high 
0  by  containing  most  of  the  resonating 
electromagnetic  field  within  the  low-loss 
sapphire  ring  material  via  a  phenomenon 
similar  to  total  internal  reflection  in  optical 
devices.  Outside  the  sapphire  ring,  the 
evanescent  field  decays  approximately  ex- 
ponentially with  distance  from  the  surface 
of  the  ring.  Thus,  by  keeping  as  much  of 
the  ring  as  possible  as  far  as  possible  from 

Figure  1.  The  Sapphire  Ring  Resonator  is 
mounted  for  testing.  This  particular  con- 
figuration provides  for  effective  coupling 
between  the  principal  electromagnetic 
modes  of  the  resonator  and  waveguide. 
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Figure  2.  The  Q  of  the  Resonator  was  measured  in  the  setup  of  Figure  1  at  various  frequencies  from  5  to  9  GHz.  For  each 
"whispering-gallery"  mode  of  the  resonator,  n  denotes  the  number  of  wave  periods  around  the  circumference  of  the  ring. 
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lossy  metal  components,  the  overall  loss 
can  be  kept  small. 

Figure  1  shows  the  resonator  installed 
for  testing,  including  input  and  output  wave- 
guide ports  on  the  axis  of  the  sapphire  ring 
and  container.  The  axial  length  (height;  z 
dimension)  of  the  sapphire  ring  was 
chosen  to  be  twice  the  radial  (r  dimension) 
thickness,  for  a  principal  (lowest-frequen- 
cy) family  of  modes  with  electric  fields  po- 
larized in  the  z  direction.  This  choice  en- 
abled effective  coupling  to  the  principal 
modes  by  virtue  of  similar  configurations 
of  the  fields  in  the  waveguide  and  resona- 
tor. 


Figure  2  shows  the  frequencies  and  O's 
for  modes  of  the  ring  resonator  at  frequen- 
cies between  5  GHz  and  9  GHz.  O's  above 
105  were  found  at  room  temperature  for 
all  of  the  modes  in  this  sequence.  The 
measured  phase  noise  of  a  transistor 
oscillator  locked  to  the  n  =  10  (7.84-GHz) 
mode  showed  a  1/r"3  dependence  at  low 
f  (where  f  =  the  offset  from  the  carrier 
frequency),  and  a  value  of  -  55  db/Hz  at 
an  offset  of  10  Hz  from  the  carrier.  This 
appears  to  be  lower  than  the  phase  noise 
previously  reported  for  a  noncryogenic  X- 
band  oscillator. 


On  the  basis  of  these  measurements 
and  the  performance  of  commercially 
available  phase  detectors,  the  phase  noise 
of  a  resonator  cooled  to  77  K  and  with  a 
0  of  3X107  is  projected  to  be  -85  dB/Hz 
at  an  offset  of  1  Hz.  This  value  is  30  dB 
below  that  of  a  frequency-multiplied  quartz- 
crystal  oscillator  that  is  the  best  X-band 
source  now  available. 

This  work  was  done  by  G.  John  Dick 
and  Jon  Saunders  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-18082/TN 
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System  Acquires  and  Displays  Signal-Propagation  Data 


The  system  is  flexible  and  easy  to  operate. 


An  electronic  system  acquires,  controls 
the  processing  of,  and  displays  data  from 
experiments  on  the  propagation  of  phase- 
coherent  radio  signals  at  frequencies  of 
12, 20,  and  30  GHz.  The  system  offers  out- 
standing accuracy;  acquires  and  displays 
data  and  controls  associated  equipment, 
all  in  real  time;  and  includes  a  hardware 
and  software  interface  with  the  user  that 
makes  it  flexible  and  easy  to  operate. 

The  equipment  portion  of  the  system  is 
a  rack-mounted  unit  that  includes  a 
custom-made  backplane.  Circuits  of  six 
types  are  plugged  into  the  backplane: 
digital  input,  analog  input,  digital  output, 
analog  output,  one  that  serves  as  an  in- 
terface to  a  hybrid  digital/analog  receiver, 
and  one  that  contains  a  microprocessor- 
based  controller  (see  Figure  1).  The  con- 
troller serves  as  the  interface  between  the 
other  circuit  cards  and  a  personal  com- 
puter that,  in  turn,  serves  as  the  hardware 
interface  between  the  system  and  the  user. 

The  primary  function  of  the  controller 
is  to  sample  data  from  the  input  cards  at 
a  rate,  commanded  by  the  user,  between 
10  and  100  Hz.  All  of  the  input  cards  are 
synchronized  with  each  other  via  a  com- 
mon sampling-clock  signal.  After  each 
sampling  pulse,  the  control  unit  reads  the 
latched  value  from  each  card  and  buffers 
the  data  for  transmission  to  the  computer. 
The  controller  can  be  configured  to  return 
only  those  data  that  are  from  specific 
channels  and  that  are  to  be  recorded  in 
the  disk  memory  of  the  computer.  By  thus 
reducing  the  number  of  data,  the  data- 
acquisition  system  reduces  the  load  on  the 
computer,  enabling  it  to  perform  other 
tasks  in  addition  to  receiving  and  process- 
ing the  incoming  data. 

The  data  acquired  by  the  system  are 
transferred  to  the  computer  via  an  "inter- 
rupt" service  routine  and  stored  in  a  first- 
in/first-out  buffer  memory.  A  C-language 
program  that  is  executed  as  a  background 
process  formats  the  data  and  transfers 
them  to  a  file  in  the  disk  memory  of  the 
computer.  The  program  also  enables  the 
user  to  select,  for  display  and/or  process- 
ing, a  subset  of  data  from  a  specified  group 
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Figure  1 .  The  Data-Ac- 
quisition Equipment 

coordinates  the  flow  of 
data  from  multiple  in- 
put channels  to  the 
computer. 
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Figure  2.  The  Data- 
Acquisition  Software 

provides  for  multi- 
tasking and  for  interac- 
tive graphical  displays, 
including  easy-to-use 
windows  and  pulldown 
menus  with  mouse  in- 
put. This  diagram  illus- 
trates the  relationship 
between  the  interac- 
tions among  the  task- 
manager  software,  the 
window-manager  soft- 
ware, and  the  tasks 
prescribed  by  the  user. 


of  channels  and  from  a  specified  interval 
of  time  (including  data  being  collected  at 
the  moment). 

The  overall  operation  of  the  system  is 
controlled  by  a  multitasking  program  (see 
Figure  2)  that  assists  the  user  with  win- 
dows, icons,  and  other  graphical  display 
features.  The  user  supervises  the  system 
via  keyboard  and  mouse  inputs;  these 
inputs  are  coordinated,  and  the  video  out- 
puts are  controlled  by  task-manager  soft- 
ware. The  task-manager  software  sched- 
ules and  dispatches  computing  tasks, 
assigning  priorities  according  to  prescribed 
rules. 

Window-manager  software  provides  sup- 
port for  the  display  adapters  of  the  video 
output  terminal  of  the  computer.  Functions 
include  swapping  video  pages  with  data 
in  storage  in  the  disk  memory,  selection 
of  the  active  window,  and  pulldown  menus. 
Each  foreground  task  has  a  direct  link  to 


the  window-manager  software;  one  pur- 
pose of  this  link  is  to  provide  the  pulldown 
menus  that  assist  the  user  in  the  task.  The 
window-manager  software  coordinates  the 
mouse  input  from  designated  positions  on 
the  pulldown  menus. 

Data  can  be  displayed  in  a  variety  of 
formats,  including  single  traces  and  col- 
ored multiple  traces.  For  each  format,  the 
time  scale  can  be  varied  to  display  single 
events  or  long-term  trends.  The  displayed 
data  can  be  edited  graphically.  The  rate 
of  sampling  and  the  channels  from  which 
data  are  to  be  stored  in  the  disk  memory 
can  also  be  chosen  via  the  display  software. 

This  work  was  done  by  John  C. 
McKeeman  and  P.  William  Remaklus  of 
Virginia  Polytechnic  Institute  and  State 
University  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-18190/TN 
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Waveform-Generating 
Program 

A  variety  of  complicated 
waveforms  can  be  synthe- 
sized digitally  from  simpler 
component  waveforms. 

The  development  of  useful  signal-proc- 
essing equipment  and  software  requires 
a  high-quality  signal  generator  that  can 
produce  a  wide  array  of  accurate  test  sig- 
nals. Conventional  electronic  signal  gen- 
erators, though  accurate,  are  limited  in  the 
number,  frequency,  and  amplitude  of  in- 
dividual waveforms  they  can  provide.  To 
fill  the  need  for  a  signal  generator  that 
overcomes  these  traditional  limitations, 
scientists  at  Rockwell  International  de- 
veloped the  GENERATE  (Digital  Genera- 
tion of  Complex  Waveforms)  computer  pro- 
gram as  a  flexible  and  reliable  software 
tool  for  advanced  generation  of  waveforms. 

With  GENERATE,  the  user  employs 
standard  arithmetic  operators  (  +  ,  -,  x, 
/,  and  parentheses)  to  simulate  any  com- 
bination of  eight  commonly  used  basic 
waveforms  at  the  desired  amplitude  and 
frequency.  GENERATE  creates  a  data  file 
based  on  the  user's  selections  from  a 
menu.  The  menu  provides  the  necessary 
equations  that  describe  the  eight  basic 
waveforms  and  enables  the  user  to  com- 
bine them  arithmetically.  The  basic  wave- 


forms offered  as  building  blocks  are  the 
sine,  ramp,  exponential,  logarithmic,  step, 
clipped  sine,  square,  and  sawtooth. 

The  user  controls  the  parameters  of  the 
signal  being  generated,  including  the  am- 
plitude (infinite  range),  sample  rate  (infinite 
range),  number  of  individual  signal  chan- 
nels (up  to  16),  duration,  and  Gaussian 
noise  properties  (requires  Gaussian-white- 
noise  routines  supplied  by  the  user).  The 
file  of  data  thus  created  appears  as  digi- 
tized sound  information,  which  is  compati- 
ble as  input  with  related  data-analysis  soft- 
ware. The  digitally  simulated  waveform  is 
useful  in  verifying  the  integrity  of  new 
signal-processing  software,  especially 
where  a  known  time  signal  is  necessary. 

GENERATE  also  contains  a  routine  for 
plotting  the  output  waveform  data  on  a  ter- 
minal with  a  Tektronics  (or  equivalent)  em- 
ulator, providing  visual  confirmation  of  the 
desirability  of  the  waveform. 

GENERATE  was  developed  by  use  of 
VMS  FORTRAN  on  a  DEC  VAX  3600  com- 
puter. The  program  occupies  approximate- 
ly 200  KB  of  memory,  but  its  output  files 


may  require  considerably  more.  Memory 
requirements  for  the  files  of  waveform  data 
depend  on  the  complexities  of  the  wave- 
forms they  represent  —  e.g.,  a  signal 
generated  over  two  channels  at  a  sample 
rate  of  10,240  s~1  for  60  s  would  require 
2.5  MB  (2x10,240x60  words  X  2  bytes/ 
word). 

This  program  was  written  by  Charles  B. 
Hopson  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28408/TN. 

FOR  ADDITIONAL  INFORMATION 
CONTACT 

COSMIC* 

1 1 2  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Sensor  for  Electro-Optic  Voltage  Developed 


200 


Figure  4.  Transfer  function  comparison 


The  Naval  Surface  Warfare 
Center  (NAVSWC),  Dahlgren, 
Virginia,  has  developed  a  device 
for  rapidly  measuring  voltages  by 
electro-optic  or  magneto-optic 
means.  It  provides  a  key  feature  of 
exhibiting  a  substantially  linear 
response  over  much  of  its  oper- 
ating range.  The  device  employs 
the  Pockels  effect  in  which  the 
orientation  of  polarized  light  is 
altered  in  direct  response  to 
applied  voltages.  The  response  of 
the  device  is  made  substantially 
more  linear  by  dividing  the  polar- 
ized light  into  two  beams  and 
retarding  the  phase  of  the  second 
beam  by  one-quarter  wavelength, 
attenuating  its  intensity  by  a 
factor  of  approximately  four,  and 
passing  it  through  a  second 
Pockels  cell  having  a  transducer 
constant  of  one-half  that  of  the 
first  Pockels  cell.  The  two  beams 
are  then  recombined  or  super- 
positioned  thus  yielding  a  sub- 
stantially linear  response  over 


much  of  the  applied  voltage  range. 
The  degree  of  linearization 
(Figure  4)  also  shows  that  the 
linearization  process  attenuates 
the  intensity  signal;  however,  this 
limitation  can  be  overcome  by 
using  a  more  powerful  laser  or  a 
more  sensitive  detector.  An  impor- 
tant factor  is  that  this  method  not 
only  applies  to  traditional  Pockels 
cell  arrangements,  but  also  to 
Faraday  rotators,  and  in  general 
any  electro-optic/magneto-optic 
transducer  that  has  a  response 
function  varying  as  the  square  of 
the  sine  of  a  stimulus. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160905/TN 
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Hole-lmpeded-Doping-Superlattice  LWIR  Detectors 

Detectors  would  operate  at  wavelengths  up  to  17  fim  and  temperatures  above  65  K. 


Hole-lmpeded-Doping-Superlattice 
(HIDS)  InAs  devices  have  been  proposed 
for  use  as  photoconductive  or  photovoltaic 
detectors  of  radiation  in  the  long-wave- 
length infrared  (LWIR)  range  of  8  to  17  /tm. 
There  is  scientific  and  military  demand  for 
arrays  of  such  devices  for  imaging  and 
spectroscopy,  which  would  be  compatible 
with  silicon  multiplexing  and  readout  cir- 
cuitry and  which  could  operate  at  tem- 
peratures above  65  K.  Prior  silicon  LWIR 
detectors  have  required  cooling  to  tem- 
peratures below  12  K,  and  recent  AIGaAs/ 
GaAs  quantum-well  LWIR  detectors  have 
lower  sensitivity  and  require  deflection  of 
light  into  the  planes  of  the  semiconductor 
wafers,  making  development  into  imaging 
arrays  more  difficult. 

The  HIDS  concept  is  based  on  the 
growth  of  narrow-band-gap  semiconduc- 
tors from  groups  III  and  V  of  the  periodic 
table  to  form  a  superlattice  with  a  doping 
profile  that  provides  long-wavelength  cutoff 
and  impedes  the  interlayer  hole  conduct- 
ance. Extrapolating  from  experience  with 
GaAs  devices  (which  operate  at  wave- 
lengths of  about  1  fim),  the  proposed  de- 
vices would  be  fabricated  by  molecular- 
beam  epitaxy  (MBE)  of  doped  InAs  on  Si 
or  GaAs  substrates. 

The  upper  part  of  the  figure  illustrates 
a  portion  of  an  array  of  the  proposed  HIDS 
devices,  and  the  lower  part  of  the  figure 
shows  typical  doping  and  energy-level  pro- 
files. The  spatially  oscillating  doping  pro- 
file would  cause  the  electron  and  hole 
potentials  to  oscillate  correspondingly  in 
such  a  way  as  to  reduce  the  energy  gap, 
Eg,  between  the  valleys  in  the  conduction 
band  and  the  peaks  in  the  valence  band. 
This  gap  would  depend  on  the  concentra- 
tions of  dopants  and  the  thicknesses  of 
the  layers  and  could  be  tailored  to  any 
value  (to  obtain  the  desired  cutoff  wave- 
length) from  zero  to  the  £  of  undoped 
InAs.  The  oscillating  profile  would  also 
cause  separation  of  the  peaks  of  the  elec- 
tron and  hole  wave  functions;  this  effect 
is  undesired  in  that  it  would  reduce  the  ab- 
sorption of  the  infrared  photons  of  interest, 
but  it  could  be  kept  within  acceptable  limits 
by  use  of  high  concentrations  of  dopants 
and,  within  these  limits,  would  be  offset 
by  the  beneficial  effect  of  increased  car- 
rier lifetime.  Optimization  ot  the  doping  pro- 


file may  be  achievable  with  modern 
"delta"  sheet  doping  techniques  during 
MBE  growth. 

In  the  face  of  the  impracticality  of  match- 
ing the  concentrations  of  electron-donor 
(n)  and  electron-acceptor  (p)  dopants  pre- 
cisely in  the  n+  and  p+  layers,  respective- 
ly, it  is  beneficial  to  impede  the  conductivi- 
ty for  holes  along  the  z  axis  (perpendicular 
to  the  planes  of  the  layers).  This  would  be 
done  by  making  the  barriers  to  holes  (n+ 
layers)  sufficiently  thick.  The  small  effec- 
tive mass  of  electrons  and  thinner  barriers 
to  electrons  (p+  layers)  allows  electrons 


Metal  Contacts 

for  Two 
Picture  Elements 


to  penetrate  perpendicularly  to  the  layers 
fairly  freely  with  good  mobility,  thus  per- 
mitting minority  carrier  electron  collection 
at  the  n+  contact  layer.  Although  the 
smaller  effective  masses  of  the  electrons 
(in  comparison  with  the  effective  masses 
of  the  holes)  would  give  rise  to  undesired 
greater  quantization  of  energy  levels  in  the 
electron-potential  wells,  this  effect  would 
be  reduced  by  the  greater  thicknesses  of 
the  electron-potential  wells  (which  coin- 
cide with  the  hole-potential  barriers). 

The  upper  figure  illustrates  either  a  pho- 
tovoltaic or  photo  conductive  detector,  de- 
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PORTION  OF  IMAGING  ARRAY  OF  HIDS  DEVICES 
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Depth  (z>  Into  Material 
DOPING  AND  ENERGY-LEVEL  PROFILES 

An  Array  of  HIDS  Devices  would  be  fabricated  on  a  substra 
GaAs  or  Si.  Radiation  would  be  incident  on  the  back  surface, 
the  metal  contacts  for  the  picture  elements  would  serve  as  re 
tors,  effectively  doubling  the  optica!  path  and  thereby  increasint 
absorption  of  photons. 


pending  on  whether  the  lower  InAs  contacting  layer  is  p+or  n+, 
respectively.  It  would  also  be  desirable  to  grow  a  p+  GaAs  layer 
over  the  exposed  etched  grooves  to  provide  surface  passiva- 
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tion  and  improved  hole  contact.  The  photoconductive  detector 
offers  advantages  of  high  gain  and  high  impedance;  the 
photovoltaic  detector  offers  lower  noise  and  a  better  interface 
to  multiplexer  readouts. 

This  work  was  done  by  Joseph  Maserjian  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and  a  patent  application 
has  been  filed.  Inquiries  concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development  should  be  addressed 
to  the  Patent  Counsel,  NASA's  Resident  Office-JPL.  Refer  to 
NPO-17880/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
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Facility  Measures  Magnetic  Fields 

Objects  are  magnetically  characterized  and,  to  the  extent  possible,  magnetically  compensated. 


A  partly  automated  facility  (see  figure) 
measures  and  computes  the  steady  near 
magnetic  field  produced  by  an  object.  The 
facility  was  designed  primarily  to  deter- 
mine the  magnetic  fields  of  equipment  to 
be  installed  on  spacecraft  that  include  sen- 
sitive magnetometers,  with  a  view  toward 
the  application  of  compensating  fields  to 
reduce  interference  with  the  spacecraft- 
magnetometer  readings.  However,  because 
of  its  convenient  operating  features  and 
the  sensitivity  of  its  measurements,  the 
facility  could  serve  as  a  prototype  for  simi- 
lar facilities  devoted  to  magnetic  charac- 
terization of  medical  equipment  (e.g.,  for 
nuclear-magnetic-resonance  imaging), 
magnets  for  high-energy  particle  acceler- 
ators, and  magnetic  materials. 

The  facility  can  measure  the  magnetic 
field  of  an  object  of  any  size  up  to  about 
1  m  in  its  maximum  linear  dimension.  Be- 
cause of  accuracies  associated  with  the 
computerized  data  acquisition  vs.  the  old 
method  of  manually  reading  pen-drawn 
plots,  the  new  system  provides  three  times 
the  sensitivity  of  the  best  prior  facility  of 
this  kind.  A  computer  controls  the  opera- 
tions of  the  measuring  equipment,  inte- 
grates these  operations  with  the  acquisi- 
tion and  processing  of  the  measurement 
data,  and  produces  analyses  of  the  data 
in  nearly  real  time.  The  test  technician  ex- 
erts overall  control  via  a  computer  work- 
station. "User-friendly"  software  eases  the 
technician's  task  by  providing  menus  of 
options  and  easy-to-understand  instruc- 
tions. 

The  object  under  test  is  placed  on  a  test 
table  that  rotates  about  a  vertical  axis  to 
a  specified  angular  position.  A  magnetom- 
eter probe  set  at  a  specified  horizontal  and 
vertical  position  measures  the  three  com- 
ponents of  the  magnetic  field.  Under  the 
technician's  supervision  and  direct  con- 
trol by  the  computer,  this  measurement 
procedure  is  repeated  for  a  number  of  an- 
gular positions  of  the  table  in  rotations 
about  each  of  the  three  principal  axes  of 
the  object  under  test  and  for  a  number  of 
linear  positions  of  the  probe,  thereby  ob- 
taining a  map  of  the  magnetic  field  sur- 
rounding the  object.  To  simplify  the  acqui- 
sition, processing,  and  interpretation  of 
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The  JPL  Magnetics  Facility,  housed  in  a  laboratory  room,  maps  the  radial  component 
of  the  magnetic  field  produced  by  an  object.  The  facility  can  measure  fields  as  small 
as  a  few  nanoteslas. 


data,  the  natural  magnetic  field  of  the  Earth 
is  canceled  to  the  extent  practicable:  a  set 
of  orthogonal  Helmholtz  coils  produces  a 
compensating  field,  resulting  in  a  1-m3 
volume  of  zero  ambient  magnetic  field 
around  the  test  table. 

The  three  components  of  magnetic  field 
from  each  measurement  are  used  to  com- 
pute the  radial  component  in  a  spherical 
coordinate  system  centered  on  the  axis  of 
rotation  in  the  test  object.  The  computer 
program  performs  a  fifth-order  spherical- 
harmonic  analysis  of  the  radial  component 
of  the  magnetic  field  on  the  imaginary 
spherical  surface  on  which  the  measure- 
ments are  performed.  This  analysis  yields 
the  dipole  and  quadrupole  moments  of  the 
magnetic  field.  Other  data  products  in- 
clude plots  of  the  magnetic  field  in  various 
coordinate  systems. 

The  ease  of  data  analysis  aids  rapid 
turnaround  when  it  is  desired  to  "compen- 
sate" objects  (reduce  the  field  by  an  op- 
posing compensating  permanent  magnet) 
to  reduce  their  residual  fields. 

This  work  was  done  by  Shawn  B. 


Honess,  Pablo  Narvaez,  and  James  M. 
McAuley  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NP0-18187/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
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(818)  354-2240 
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0080  Surface  Contour  Determination  and  Recording  Developed 

0081  Anthropomorphic  Robot  Hand  and  Teaching  Glove — Motions  of  the 
operator's  fingers  control  motions  of  the  corresponding  robot  fingers. 
(Licensing  Opportunity) 

0082  Composite-Material  Airflow  Vane — A  lightweight  replacement  for  a 
balsa-wood  part  produces  more-consistent  results.  (Licensing 
Opportunity) 

0083  Deflection  and  Stress  in  Preloaded  Square  Membrane — The  effect  of 
tension  applied  uniformly  along  edges  is  added  to  the  analysis. 

0084  Dual-Diaphragm  Tank  with  Leakage-Indicating  Drain — Reliability  would 
exceed  that  of  a  single-diaphragm  tank.  (Licensing  Opportunity) 

0085  Flutter  Spoilers— Spoiling  devices  can  be  deployed  rapidly  to  prevent 
damage  to  airfoil  surfaces. 

0086  Gradient  Tempering  of  Bearing  Races — Fracture  toughness  is 
increased,  and  stress-corrosion  cracking  reduced.  (Licensing 
Opportunity) 

0087  Heat-Transfer  Coupling  for  Heat  Pipes — The  design  of  the  coupler 
would  avoid  a  difficult  brazing  operation. 

0088  Long-Lived,  Replaceable  Low-Pressure  Seals — Simple  units  operate  by 
metal-spring  and  elastometic  compression. 

0089  Parallel-Processing  Algorithms  for  Dynamics  of  Manipulators— Inertia 
matrix  is  computed  more  efficiently. 

0090  Quick-Connect/Disconnect  Joint  for  Truss  Structures — A  simple 
connector  could  be  used  for  temporary  structures  and  pipes.  (Licensing 
Opportunity) 

0091  Sealing  Out-of-Round  Tubes  With  O-Rings — Shells  of  connectors  for 
electrical  cables  are  adapted  to  seal  tubes  against  pressure  or  vacuum. 
(Licensing  Opportunity) 

0092  Self-Motion  Manifolds  of  Redundant  Manipulators — A  new  perspective 
on  redundancy  can  yield  alternative  control  strategies. 

0093  Ultrasonic  Device  Would  Open  Pipe  Bombs — A  conceptual  device 
would  safely  remove  end  caps. 

Software 

0094  SkinHeat  Calculator  Utility  Program  Developed 
Testing  &  Instrumentation 

0095  Dual-Element  Optical-Motion  Detector 

0096  Improved  Force-and-Torque  Sensor  Assembly — Forces  and  torques  are 
measured  by  different  strain  gauges  at  different  positions. 

0097  Pressure  Roller  for  Tape-Lift  Tests — A  simple,  easy-to-use  tool  provides 
more  nearly  uniform  pressure.  (Licensing  Opportunity) 

0098  Unbalanced  Rotating  Masses  for  Scanning — Scans  can  be  performed 
with  less  power  and  at  less  cost.  (Licensing  Opportunity) 

0099  Variable-Speed  Instrumented  Centrifuges — Image  and  data  recording 
and  controlled  temperature  and  gravity  would  be  provided  for  12 
experiments. 

Other  Items  of  Interest 

0079    Facility  Measures  Magnetic  Fields — Objects  are  magnetically 

characterized  and,  to  the  extent  possible,  magnetically  compensated. 

(Licensing  Opportunity) 
01 1 0    Salt  Filler  for  Making  Covered  Channels — Metal  salts  offer  ease  of 

application,  resistance  to  high-temperature  processing,  and  ease  of 

removal.  (Licensing  Opportunity) 
0106     Method  of  Maintaining  the  Strength  of  Optical  Fibers  (Licensing 

Opportunity) 
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Surface  Contour  Determination  and  Recording 
Developed 


Figure  2.  System  to  determine  surface  contour 


The  Pearl  Harbor  Naval 
Shipyard  (PHNS),  Hawaii,  an 
agency  of  the  Naval  Sea  Systems 
Command,  has  developed  an 
improved  system  for  determining 
and  recording  the  contour  of 
curved  and  other  surfaces.  The 
system  (Figure  2)  includes  a  probe 
that  is  mounted  for  movement 
across  the  surface  whose  profile  is 
to  be  determined.  A  recorder  is 
connected  to  the  probe  and  scribes 
a  graphic  record  of  the  surface 
contour  as  the  probe  scans  the  sur- 
face. The  record  can  then  be 
compared  to  specifications,  to 
ascertain  whether  the  surface  is 


correctly  contoured. 

The  system  is  inexpensive  and 
easy  to  operate  and  permits  remote 
examination  of  surfaces  that  are  in 
an  obstructed  or  otherwise  inac- 
cessible location,  or  in  a  hostile 
environment  such  as  under  water. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160802/TN 
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Anthropomorphic  Robot  Hand  and  Teaching  Glove 

Motions  of  the  operator's  fingers  control  motions  of  the  corresponding  robot  fingers. 


A  robotic  forearm-and-hand  assembly 
manipulates  objects  by  performing  wrist 
and  hand  motions  with  nearly  human 
grasping  ability  and  dexterity.  The  robot  im- 
itates the  hand  motions  of  a  human  op- 
erator who  controls  the  robot  in  real  time 
by  programming  via  an  exoskeletal  "teach- 
ing glove"  (see  figure).  Telemanipulator  sys- 
tems based  on  this  robotic-hand  concept 
could  be  useful  where  humanlike  dexteri- 
ty is  required.  Underwater,  high-radiation, 
vacuum,  hot,  cold,  toxic,  or  otherwise  in- 
hospitable environments  are  potential  ap- 
plication sites.  The  system  is  particularly 
suited  to  assisting  astronauts  on  a  space 
station  in  safely  executing  unexpected  tasks 
requiring  greater  dexterity  than  the  stand- 
ard gripper  has. 

The  robot  hand  is  anthropomorphic  and, 
more  importantly,  anatomically  correct  in 
size  and  configuration.  Finger  and  thumb 
digits  are  sized  and  proportioned  like  those 
of  an  average  human  hand.  A  bracket 
emulating  the  palm  precisely  positions  the 
digits  with  respect  to  each  other. 

Just  as  the  motions  about  the  various 
joints  of  a  human  hand  are  actuated  by 
muscles  in  the  forearm  pulling  on  tendons, 
the  motions  about  the  joints  of  the  robot 
hand  are  caused  by  servomotors  in  the 
robot  forearm  pulling  on  cables  made  from 
Technora,  a  fiber  similar  to  Kevlar.  Each 
motor  actuates  the  motion  about  one  of 
the  joints  in  response  to  a  processed  con- 
trol signal  or  to  a  real-time  sensed  posi- 
tion of  the  corresponding  joint  of  the  op- 
erator's hand. 


Electronic 
Control' 
System 


Cable  From  Sensors 
to  Control  System 


The  Anthropo- 
morphic Robot 
Hand  and  Teach- 
ing   Glove    are 

parts  of  a  telema- 
nipulator system 
that  can  handle 
objects  with  a  dex- 
terity approaching 
that  of  the  human 
operator. 


The  design  was  based  on  human  an- 
thropometry studies,  which  suggest  that 
skeletal  characteristics  of  the  human  hand 
vary  only  slightly  from  person  to  person, 
differences  being  primarily  in  size  (scale). 
The  importance  of  human  "anatomical 
consistency"  for  the  field  of  robotics  is  two- 
fold; namely,  as  a  method  of  control  and 
gripper  dexterity.  By  building  an  anatomic- 
ally correct  mechanical  model  of  the  hu- 
man hand,  robot  control  then  evolves  from 
primitive  teach  pendant  to  utilization  of 
teach  glove.  Placed  over  the  operator's 
own  hand,  object  manipulation  now  be- 
comes a  function  of  operator  intuition,  with 
skills  and  talents  inherently  provided  to  ac- 
complish the  task. 

This  work  was  done  by  Charles  D. 
Engler,  Jr.,  of  Goddard  Space  Flight 
Center. 


This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13244/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S. 
Friedman 
Mail  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
Ft.  Dennis  Marchant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 
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Composite-Material  Airflow  Vane 

A  lightweight  replacement  for  a  balsa-wood  part  produces  more-consistent  results. 


"Alpha/beta"  lightweight  instrumenta- 
tion vanes  made  of  a  composite  of  pheno- 
lic, epoxy,  and  fiberglass  are  stronger  and 
more  accurate  than  are  conventional 
vanes  made  partly  of  balsa  wood.  The 
vanes  are  used  for  measuring  the  direction 
of  airflow  over  aircraft  surfaces  during 
flight  testing.  The  older,  balsa-wood  vanes 
were  difficult  to  fabricate,  broke  easily,  and 
changed  in  weight  and  shape  as  tempera- 
ture and  humidity  varied,  yielding  unre- 
liable data. 

A  vane  of  the  new  type  consists  of  a 
sandwich  of  phenolic  honeycomb  between 
fiberglass  skins.  Each  skin  is  molded  from 
two  layers  of  0.001 5-in.  (0.038-mm)-thick 
fiberglass  cloth  with  the  weave  oriented  at 
45  °  to  the  longitudinal  axis  of  the  vane.  The 
honeycomb  structure,  which  is  1/8  in.  (3.2 
mm)  thick  and  has  cells  spaced  3/16  in.  (4.8 
mm)  center  to  center,  is  bonded  to  the 
skins  with  epoxy  adhesive. 

Fabrication  begins  by  placing  the  dry 
fiberglass  cloth  layers  into  the  prepared 
mold  cavity  and  carefully  wetting  the  glass 
with  epoxy  resin.  A  silicone  rubber  plunger 
is  used  to  apply  pressure  until  the  resin  has 
cured.  The  honeycomb  is  then  bonded  to 
the  skin  surface  with  epoxy  resin  and 
allowed  to  cure.  The  next  step  is  to  remove 
the  workpiece  and  bond  it  to  the  remaining 
cured  skin  with  epoxy  resin  in  a  similar 
manner.  A  steel  stem  is  bonded  to  the  vane 
with  epoxy  adhesive.  Finally,  an  over-wrap 
of  0.001 5-in  (0.038-mm)  fiberglass  cloth  is 
applied  around  the  stem  and  vane  with 
epoxy  resin  (see  figure). 

The  fabrication  time  for  the  new  vanes  is 
far  less  than  for  the  old  ones,  because  it  is 
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This  Airflow  Vane  on  a  Stem  has  a  phenolic  honeycomb  core  sandwiched  between  fiber- 
glass/epoxy  skins.  Its  dimensions  are  4.750  x  2.375  in.  (120.6  x  60.3  mm). 


no  longer  necessary  to  select  balsa  wood 
manually  to  ensure  the  quality  of  the 
material.  Moreover,  many  vanes  can  now 
be  made  at  once  in  a  gang  mold. 

The  all-synthetic-material  vanes  absorb 
little  or  no  moisture  and  thus  provide  more 
repeatable  measurements.  Because  they 
weigh  about  the  same  as  balsa  vanes  do, 
no  instrumentation  changes  are  needed.  If 
a  vane  should  break  away  from  its  stem,  it 
is  not  likely  to  damage  an  aircraft  engine  if 
ingested;  it  will  more  likely  crumble  into 
low-density  particles  that  pass  through 
without  causing  harm. 

This  work  was  done  by  Thomas  L 
Vranas  of  Langley  Research  Center. 


This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center. 
Refer  to  LAR-14192/TN. 
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Deflection  and  Stress  in  Preloaded  Square  Membrane 

The  effect  of  tension  applied  uniformly  along  edges  is  added  to  the  analysis. 


A  theoretical  analysis  has  yielded  equa- 
tions for  the  transverse  deflection  of,  and 
the  stresses  in,  a  square  membrane  sub- 
ject to  both  a  uniform  transverse  load  (eg., 
the  difference  between  the  pressures  in 
two  fluids  separated  by  the  membrane) 
and  tension  preloads  applied  uniformly 
along  the  edges  (see  figure).  Previous 
theoretical  analyses  by  Foppl  and 
Timoshenko  included  the  assumption  of 
zero  edge  preload,  and  Foppl 's  analysis 
included  a  calculation  of  the  maximum 
deflection  for  the  special  case  of  a 
Poisson's  ratio  of  Vi .  The  new  analysis  and 
equations  are  valid  for  any  Poisson's  ratio. 

The  analysis  is  performed  in  a  simple 
x,  y,  z  coordinate  system,  with  origin  at  the 
center  of  the  square  defined  by  the  edges 
of  the  membrane:  x  and  y  each  parallel 
to  one  of  the  two  perpendicular  pairs  of 
edges,  and  z  perpendicular  to  x  and  y  Like 
the  previous  analyses,  this  one  follows  an 
energy/virtual-displacement  approach.  In 
this  approach,  the  basic  equation  is  one 
that  expresses  the  strain  energy  in  the 
membrane  as  a  double  integral,  over  the 
x  and  y  coordinates  of  the  square,  of  a 
function  of  the  longitudinal  strains,  the 
shear  strain,  the  thickness  of  the  mem- 
brane, and  the  Young's  modulus  and 
Poissons's  ratio  of  the  membrane  material. 

Following  standard  practice,  it  is  as- 
sumed that  the  edges  of  the  membrane 
are  held  rigidly  and  that  the  x,  y,  and  z  com- 
ponents of  the  displacement  caused  by 
the  transverse  load  can  be  represented  by 
simple  trigonometric  expressions  that  re- 
duce to  zero  displacement  at  the  edges. 
The  x  and  y  (stretching)  components  of  the 


/ 

/  y  Preload 

Uniform  Stretching 

Preloads  are  applied 
to  the  edges  of  a 
transversely  loaded 
square  membrane, 
possibly  to  reduce  the 

transverse  deflection. 

Previous  analyses 

x  Preload  /-+ —  ■ 

addressed  the  effects 

^r                      \     * 

Preload 

of  the  transverse  load 

but  did  not  consider 

preloads. 

y 

Transverse  Load 
(Pressure) 

y  Preload 


displacements  caused  by  the  preloads  are 
added  (the  x  preload  can  differ  from  the 
y  preload)  to  obtain  the  total  displacements. 
The  first  and  second  derivatives  of  the 
expressions  for  the  total  displacements  are 
used  to  derive  expressions  for  the  strains 
in  the  strain-energy  integral.  Then,  using 
the  principal  of  virtual  displacement,  an 
equation  for  the  relationship  between  the 
in-plane  (x  and  y)  and  the  transverse  (z) 
displacements  is  found  by  setting  the 
derivative  of  the  strain-energy  integral  with 
respect  to  the  amplitude  of  the  transverse- 
load  component  of  the  in-plane  displace- 
ments equal  to  zero.  Next,  an  equation  that 
expresses  the  relationship  among  the 
maximum  transverse  deflection  at  the 
center,  the  transverse  load,  and  the  edge 
preloads  is  found  by  setting  the  change 
in  the  strain-energy  integral  caused  by  a 
virtual  transverse  displacement  equal  to 


the  work  done  by  the  transverse  load  when 
it  deforms  the  membrane  by  the  same  vir- 
tual displacement. 

The  expressions  derived  in  the  forego- 
ing procedure  are  inserted  in  the  previous 
equations  for  the  displacements  and  strains. 
Then  the  stresses  are  expressed  via  the 
well-known  linear  relationships  between 
stresses  and  strains.  The  maximum  ten- 
sile stress  occurs  at  the  edges,  and  an 
equation  for  this  stress  has  been  derived 
for  the  special  case  of  equal  x  and  y 
preload.  The  results  of  this  analysis  can 
be  compared  to  the  results  of  the  previous 
analyses  by  simply  setting  the  edge  pre- 
loads to  zero. 

This  work  was  done  by  Alfonso 
Hermida  of  Goddard  Space  Flight 
Center.  GSC-13367/TN 
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Dual-Diaphragm  Tank  With  Leakage-Indicating  Drain 

Reliability  would  exceed  that  of  a  single-diaphragm  tank. 


A  proposed  tank  would  include  a  dual 
diaphragm  with  a  telltale  drain  to  separate 
two  fluids  (e.g.,  a  liquid  and  a  pressurizing 
gas  in  a  hydraulic  power  system).  If  a  leak 
occurred  in  one  diaphragm,  the  other  dia- 
phragm would  still  prevent  the  mixing  of 
the  two  fluids;  meanwhile,  the  leakage 
would  accumulate  in  the  drain  and  would 
alert  an  inspector  to  the  need  for  repair. 

The  diaphragms  would  extend  across 
the  tank  and  would  be  sealed  to  the  wall 
of  the  tank  at  its  "equator"  with  conven- 
tional labyrinth  compression  seals.  The 
edges  would  be  separated  by  a  perforated 
ring  (see  figure).  The  facing  surfaces  of  the 
diaphragms  would  contain  grooves  that 
would  generally  lead  radially  outward  from 
the  axis  of  the  tank.  The  groove  patterns 
on  the  two  diaphragms  would  be  different 
so  that  the  grooves  would  form  fine  chan- 
nels between  the  faces.  Any  leaked  fluid 
between  the  diaphragms  would  flow  ra- 
dially outward,  pass  through  the  perfora- 
tions in  the  seal  ring,  enter  a  collection 
cavity,  then  flow  out  through  the  telltale 
drain.  The  inspector  would  remove  the 
drain  cap  to  check  for  accumulated  fluid. 

The  two  parts  of  the  tank  separated  by 
the  diaphragm  would  be  equipped  with  fit- 
tings for  filling  and  extracting  fluid  from  the 
"poles."  The  shells  would  be  welded  to- 
gether at  the  equator. 

In  a  single-diaphragm  tank,  liquid  tends 
to  diffuse  through  the  diaphragm  into  the 
gas  section,  where  it  displaces  pressuriza- 
tion  gas  volume.  Similarly,  the  gas  tends 
to  diffuse  into  the  liquid  section,  where  it 
dissolves  in  the  liquid.  The  double  dia- 
phragm would  provide  a  route  for  diffu- 
sants  to  escape  so  that  each  would  not 
enter  the  opposite  section.  And,  of  course, 
it  would  provide  redundant  sealing  in  case 
of  a  puncture  or  tear,  whereas  a  single  dia- 
phragm would  allow  immediate  mixing. 
Moreover,  the  telltale  drain  would  give  in- 
stant evidence  of  leakage;  time-consuming 
pressure-drop  tests  to  verify  the  integrity 
of  each  diaphragm  would  be  unnecessary. 
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Dual  Diaphragms 
Would  Flex  as  vol- 
umes of  liquid  and 
pressurizing  gas 
change.  Tiny  chan- 
nels between  the  dia- 
phragms would  carry 
away  liquid  and/or 
gas  that  leaks  or  dif- 
fuses through  the  dia- 
phragms.  Perfora- 
tions in  the  sealing 
ring  would  carry  the 
fluids  to  the  collec- 
tion cavity  and  the 
telltale  drain. 


In  comparison  with  a  dual-seal  piston 
accumulator  for  separating  liquid  and  gas, 
the  dual  diaphragm  would  last  much  long- 
er. The  piston  seals  ride  on  a  dry  cylinder 
wall  as  liquid  volume  changes  and  thus 
wear  quickly  and  fail.  The  dual  diaphragm 
would  simply  flex  as  volumes  change.  Fur- 
thermore, in  many  cases,  the  elastomeric 
materials  that  are  most  compatible  with 
the  fluids  to  be  separated  perform  better 
as  diaphragm  materials  than  as  sliding- 
seal  materials. 

Conceived  for  bladder  tanks  for  use  in 
zero  gravity,  the  concept  is  adaptable  to 
such  commercial  uses  as  hydraulic  ac- 
cumulators in  industrial  hydraulic  systems, 
hydraulic  systems  in  aircraft,  and  water 
pressure  tanks. 


This  work  was  done  by  Wallace  C. 
Tuthill,  Jr.,  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21703/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
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Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
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Houston,  TX  77058 
(713)  483-4871 
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Flutter  Spoilers 

Spoiling  devices  can  be  deployed  rapidly  to  prevent  damage  to  airfoil  surfaces. 


Flutter  is  an  aeroelastic  phenomenon 
in  which  a  wing  undergoes  rapid  bending 
and  twisting  oscillations  under  certain  flight 
conditions.  Flutter  can  lead  to  destruction 
of  the  wing.  A  number  of  methods  used 
in  flutter  research  and  development  tests 
minimize  the  risk  of  structural  damage  to 
test  specimens.  Although  these  methods 
may  be  effective  in  certain  situations,  no 
single  method  works  effectively  in  all  situa- 
tions. The  research  engineer  typically  se- 
lects the  method  that  best  meets  the 
needs  within  the  constraints  of  the  par- 
ticular test.  The  flutter  spoiler  represents 
an  important  addition  to  this  repertoire  of 
methods. 

Flutter  instability  is  produced  by  an  un- 
favorable coupling  of  unsteady  aerody- 
namic forces  with  structural  inertia  and 
stiffness  forces.  One  way  to  suppress  flut- 
ter is  to  increase  the  dynamic  pressure  at 
which  the  flutter  occurs.  The  flutter  spoiler 
does  exactly  this.  When  the  flutter  spoiler 
is  deployed,  the  unsteady  aerodynamic 
forces  are  changed  and  the  flutter  dynam- 
ic pressure  is  increased.  Because  the  flut- 
ter spoiler  could  be  deployed  rapidly,  the 
violent  increase  in  vibration  amplitude  that 
usually  occurs  at  flutter  would  be  prevent- 
ed from  occurring. 

A  flutter  spoiler  consists  of  one  or  more 
platelike  structures  hinged  along  its  lead- 
ing edge  to  the  surface  of  a  wing  or  other 
lifting  surface  so  that  the  spoiler  can  be 
rotated  outward  into  the  airstream.  An  ex- 
ample is  shown  in  the  photograph.  Typical- 
ly, flutter  spoilers  would  be  located  on  both 
the  upper  and  lower  airfoil  surfaces,  but 
could  be  used  on  either.  When  not  in  use, 
the  flutter  spoilers  would  fold  against  or 
into  the  wing  surface  so  that  the  aerody- 
namic contour  of  the  wing  would  remain 
unchanged. 

When  the  flutter  condition  is  reached, 
the  flutter  spoiler  would  be  rapidly  de- 
ployed, rotating  about  its  upstream  end  so 
that  it  would  "spoil"  the  aerodynamic  flow 
on  the  surface  of  the  wing.  It  could  be  de- 
ployed by  hydraulic,  electrical,  mechanical, 


Spoiler  Plates  Rotate  Into  the  Airstream,  "spoiling"  the  aerodynamic  flow  and  thereby 
increasing  the  dynamic  pressure  at  which  flutter  occurs. 


pneumatic,  or  a  combination  of  means.  It 
could  be  under  the  remote  control  of  a 
test  engineer  or  under  automatic  control 
coupled  to  a  sensing  device  that  would 
measure  vibratory  response  and  actuate 
the  flutter  spoiler  when  a  preset  level  of 
vibration  occurrs. 

A  wind-tunnel-model  study  was  con- 
ducted to  demonstrate  the  effects  of  the 
size  and  the  deployment  angle  of  a  sim- 
ple flutter  spoiler  on  the  flutter  of  a  wing. 
A  relatively  simple,  paddle-type  flutter 
model  was  equipped  with  a  flutter  spoiler 
that  could  be  deployed  over  a  range  of 
angles  by  adjusting  a  mechanism.  The 
model  was  ballasted  so  that  the  mass  and 
inertia  did  not  change  as  the  parameters 
of  the  flutter  spoiler  were  varied.  Thus,  the 
natural  frequencies  remained  the  same. 
Consequently,  changes  in  flutter  character- 
istics between  different  configurations  of 
the  flutter  spoiler  could  be  directly  attrib- 
uted to  aerodynamic  effects  of  the  flutter 
spoiler. 

Experimental  results  were  obtained  at 


mach  0.80  for  (1)  variations  in  the  angle 
of  deployment  of  the  flutter  spoiler,  the 
area  of  which  was  constant  at  0.047  that 
of  the  wing,  and  for  (2)  variations  in  the 
size  of  the  flutter  spoiler  for  a  given  angle 
of  deployment.  Results  show  that  the  flut- 
ter dynamic  pressure  is  increased  by  in- 
creasing either  the  angle  of  deployment 
or  the  size.  The  results  further  show  that 
the  size  has  a  stronger  effect  on  flutter 
than  does  the  angle  of  deployment  over 
the  range  of  parameters  investigated. 

The  use  of  the  flutter  spoiler  would  be 
particularly  attractive  for  wind-tunnel  flut- 
ter-model tests,  in  which  models  are  tested 
at  conditions  very  close  to,  or  in  many  in- 
stances at,  the  flutter  boundary  because 
it  is  necessary  to  define  accurately  the 
flow  conditions  at  which  flutter  occurs.  The 
use  of  the  flutter  spoiler  would  prevent 
damage  to  these  flutter  models,  which  are 
often  very  expensive. 

This  work  was  done  by  Robert  V.  Dog- 
gett,  Jr.,  of  Langley  Research  Center. 
LAR-14117/TN 
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Gradient  Tempering  of  Bearing  Races 

Fracture  toughness  is  increased,  and  stress-corrosion  cracking  reduced. 


A  gradient-tempering  process  could  in- 
crease the  fracture  toughness  and  the  re- 
sistance to  stress-corrosion  cracking  of 
ball-bearing  races  that  are  made  of  hard, 
strong  steels  and  that  are  subject  to  high 
installation  stresses  and  operation  in  cor- 
rosive media.  This  process  could  also  be 
used  in  other  applications  in  which  local 
toughening  of  high-strength/low-toughness 
materials  is  required.  This  toughening  re- 
duces the  strength  of  the  toughened  re- 
gions, but  provided  that  it  is  properly  local- 
ized, it  should  not  significantly  degrade  the 
load-carrying  capacities  of  the  treated 
parts. 

The  gradient-tempering  process  was 
conceived  for  use  on  the  races  of  bear- 
ings in  a  turbopump  in  the  Space  Shuttle 
main  engine.  Heretofore  these  races  have 
been  processed  in  a  manner  that  has  re- 
mained basically  unchanged  for  many 
years.  They  have  been  machined,  austeni- 
tized,  tempered,  and  low-temperature- 
soaked,  then  subjected  to  a  final  tempering 
operation.  These  typical  thermal  treat- 
ments impart  uniform  hardnesses  through 
the  thicknesses  of  the  races.  Unfortunate- 
ly, the  typical  uniform  hardness  of  60  Rock- 
well C  entails  susceptibility  to  failure  in  two 
modes:  stress-corrosion  cracking  and  the 
growth  of  precritical  cracks  and  other 
defects. 

The  most  effective  way  to  protect  a  bear- 
ing race  or  other  part  against  failures  in 
these  modes  is  to  increase  its  fracture 
toughness  and  decrease  its  strength  in 


Figure  1.  Heat  Applied  Radially  to  the  Bore 

of  a  bearing  race  causes  gradient  tem- 
pering, which  increases  its  resistance  to 
stress-corrosion  cracking. 

Hardness, 
Rockwell  C 


SECTION  AA 


such  critical  regions  as  sharp  corner  ladii 
and  the  inner  surfaces  of  holes.  This  is  ac- 
complished by  the  gradient-tempering  op- 
eration (see  Figure  1),  in  which  a  highly 
localized  intense  flux  of  heat  is  used  to 
bring  about  localized  tempering  without  af- 
fecting the  surrounding  bulk  of  the  material 
and  without  causing  such  damage  as 
melting  or  the  growth  of  grains  in  the 
tempered  section.  The  flux  of  heat  is  direc- 
tional and  can  be  provided,  for  example, 
by  a  laser,  or  by  an  electromagnetic- 
induction  device.  Figure  2  shows  the  pro- 
jected hardness  gradient  of  the  race  of 
Figure  1  after  tempering  by  this  process. 

This  work  was  done  by  Richardson  A. 
Parr  of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-28496/TN. 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 
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Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 
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Center, 

AL  35812 

(205)  544-0024 


Figure  2.  The  Gradient  Tempering  of  the 
bearing  race  is  projected  to  yield  this  hard- 
ness gradient. 
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Heat-Transfer  Coupling  for  Heat  Pipes 

The  design  of  the  coupler  would  avoid  a  difficult  brazing  operation. 


A  proposed  welded  heat-transfer  coup- 
ling would  join  a  set  of  heat  pipes  to  a  ther- 
moelectric converter.  The  design  of  the 
coupling  would  make  it  unnecessary  to 
braze  the  heat  pipes  directly  to  the  con- 
verter —  a  complicated,  difficult  operation 
that  could  damage  the  heat  pipes  and  con- 
verter. Evacuating,  filling,  wetting-in,  and 
testing  would  be  required  while  the  heat 
pipes  are  attached  to  the  converter. 

In  the  proposed  coupling,  the  heat  pipes 
could  be  prefilled.  The  heat  of  welding 
would  be  applied  around  the  periphery  of 
the  coupling,  far  enough  from  the  heat 
pipes  so  that  it  would  not  degrade  the 
working  fluid  or  create  excessive  vapor 
pressure  in  the  pipes. 

The  coupling  would  include  a  pair  of 
mating  flanged  cups  (see  figure).  The  up- 
per cup  would  be  an  integral  part  of  the 
housing  of  the  thermoelectric  converter, 
while  the  lower  cup  would  be  an  integral 
part  of  a  plate  that  supported  the  filled  heat 
pipes.  The  coupling  would  be  assembled 
by  placing  a  wick  pad  in  the  bottom  cup, 


Tube  for  Filling 
Pad  Space  Partially 
With  Working  Fluid 


Thermoelectric 
Converter 


Flanges< 


placing  the  upper  cup  over  the  bottom  cup, 
and  welding  the  flanges  together.  The 
space  inside  the  cups  would  later  be  filled 
with  working  fluid  through  a  small  tube, 
which  would  then  be  sealed. 

The  pad  and  working  fluid  would  trans- 
fer heat  efficiently  between  the  thermo- 
electric converter  and  the  heat  pipes.  The 
working  fluid,  wick  pore  size,  and  artery 
design  could  be  chosen  to  suit  the  tem- 
perature and  heat  flux  for  the  thermoelec- 
tric converter  and  the  rate  of  failure  of  heat 


Halves  of  the  Cou- 
pling would  be 
welded  together  at 
flanges.  The  filled 
heat  pipes  would  not 
be  adversely  affected 
by  this  operation. 
Working  fluid  moving 
through  the  wick  pad 
would  transfer  heat 
from  the  thermoelec- 
tric converter  to  the 
heat  pipes. 


pipes.  The  pad  and  fluid  would  redistribute 
heat  away  from  failed  heat  pipes  and 
toward  functioning  heat  pipes.  This  heat 
redistribution  prevents  the  thermoelectric 
converters  from  becoming  a  resistive  elec- 
trical load,  which  would  occur  if  the  con- 
verters were  directly  attached  to  a  heat 
pipe  that  failed  during  operation. 

This  work  was  done  by  Bill  J.  Nesmith 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17863/TN 
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Long-Lived,  Replaceable  Low-Pressure  Seals 

Simple  units  operate  by  metal-spring  and  elastomeric  compression. 


A  type  of  gasket  suitable  for  use  on 
hatches  and  windows  combines  the  ad- 
vantages of  low  leakage,  long  life,  and  easy 
replacement.  A  typical  gasket  of  this  type 
consists  of  a  metal  spring  plate  with  an 
elastomeric  jacket  (see  figure).  The  K- 
shaped  cantilever  springs  on  the  plate  hold 
the  jacket  against  the  structure  to  be 
sealed.  The  light  spring  force  on  the  jacket 
ensures  a  tight,  low-leakage  seal,  even  in 
vacuum  and  extreme  cold.  The  flanges  to 
be  sealed  to  each  other  by  the  gasket  can 
thus  be  made  smaller  and  lighter  than  if 
a  metal-to-metal  contact  were  used.  The 
elastomer  is  subject  to  only  moderate 
compression  force  and  therefore  lasts 
longer  than  a  purely  elastomeric  gasket 
does  because  it  does  not  acquire  as  much 
of  a  compression  set. 

The  gasket  is  used  between  two  flat 
flanges  to  be  sealed  to  each  other;  eg., 
one  on  a  window  or  hatch  and  the  other 
on  the  supporting  structure.  Fasteners  on 
the  window  flange  retain  the  gasket,  main- 
taining a  light  load  on  it  and  thus  securing 
the  elastomer  jacket  when  the  two  flang- 
es are  separated.  When  the  flanges  are 
brought  together,  the  spring  arms  begin  to 
deflect  and  carry  load.  This  continues  un- 
til the  gasket  plate  contacts  both  flanges, 
at  which  point  the  seal  is  fully  compressed. 
Any  further  load  that  tends  to  push  the 
flanges  together  is  taken  up  by  the  gasket 
plate.  The  seal  is  a  double  one;  a  barrier 
to  flow  is  maintained  at  both  flanges. 

The  elastomer  jacket  supports  itself 
when  it  is  compressed.  It  thus  provides 
some  degree  of  seal  even  if  one  of  the 
spring  arms  fails. 

When  a  jacket  eventually  deteriorates 
and  must  be  replaced,  the  sealed  flanges 
are  separated  and  the  fasteners  are  loos- 
ened. This  makes  it  easy  to  slip  the  jacket 
off  the  spring  arms.  The  flanges  can  be 
cleaned  easily;  it  is  not  necessary  to  pry 
an  O-ring  out  of  a  dovetail  groove.  A  new 


RING  GASKET 


SECTION  AA  MAGNIFIED:  UNCOMPRESSED 


Flanges < 


SECTION  AA  MAGNIFIED:  COMPRESSED 


The  Ring-Shaped  Gasket  has  a  rectangular  cross  section  from  which  paired  cantilever 
spring  arms  extend  in  a  K-shape.  In  the  unassembled  state,  the  arms  hold  elasto- 
meric jackets  lightly  but  securely.  When  assembled  between  flanges,  the  arms  and 
jackets  become  compressed  and  form  an  airtight  seal  on  both  flanges. 


jacket  is  slipped  on  the  arms,  the  fasteners 
are  retightened,  and  the  flanges  are  re- 
joined. Replacement  jackets  can  be  fold- 
ed and  stored  in  a  small  space. 

This  work  was  done  by  Bruce  Wedden- 
dorf  of  Marshall  Space  Flight  Center. 


Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-28521/TN. 
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Parallel-Processing  Algorithms  for  Dynamics  of  Manipulators 


Inertia  matrix  is  computed  more  efficiently. 


A  class  of  parallel  and  parallel/pipeline 
algorithms  is  presented  for  more  efficient 
computation  of  the  manipulator  inertia  ma- 
trix. Efficient  computation  of  the  inertia  ma- 
trix is  essential  for  implementing  the  advanced 
dynamic  control  schemes  as  well  as  the 
dynamic  simulation  of  the  manipulator  mo- 
tion. At  the  present,  however,  the  fastest 
serial  algorithms  for  computing  the  inertia 
matrix  are  far  from  adequate  for  efficient 
real-time  dynamic  control  and  simulation. 
Hence,  the  exploitation  of  parallelism  in  the 
computation  of  the  inertia  matrix  is  the  key 
factor  in  achieving  the  required  efficiency. 

The  parallel  algorithms  are  derived  based 
on  a  new  algorithm  for  computing  the  iner- 
tia matrix,  the  Composite  Rigid-Body  Spatial 
Inertia  algorithm,  which,  compared  to  the 
previous  algorithms,  incorporates  less  data 
dependency  in  the  computation  and  hence 
provides  a  greater  efficiency  for  paral- 
lelization.  Two  parallel  algorithms  are  devel- 
oped that  achieve  the  time  lower  bound  of 
Oilog^+OO)  in  the  computation  with 
dp2)  processors.  These  algorithms  are 
designated  as  the  First  Parallel  Algorithm 
and  Second  Parallel  Algorithm  (FPA  and 
SPA).  The  architectural  requirements,  i.e, 
synchronization  and  communication  mech- 
anisms, for  the  implementation  of  these  al- 
gorithms on  a  two-dimensional  array  of 
n(n +1)/2  processors  are  analyzed.  It  is 
shown  that,  while  the  FPA  achieves  a  bet- 
ter computational  complexity,  the  SPA  re- 
quires a  much  simpler  interconnection  struc- 
ture. 

Mapping  the  FPA  and  SPA  on  a  linear  ar- 
ray of  n  processors  with  a  nearest-neighbor 
interconnection  results  in  two  new  algo- 
rithms designated  as  the  First  and  the  Sec- 


COMPUTATION  COST 

ALGORfTHM 

SPEEDUP 

EFFICIENCY 

GENERAL 

n  =  6 

PERCENT 

SA 

((9/2)n2  +  (231/2)n-181)m  + 
(4n2  +  88n-137)a 

664m  +  535a 

1 

100 

FPA 

(48m  +  63a)  f  log^l  +  (100m  +  65a) 

246m  +  255a 

2.40 

12 

SPA 

(54m  +  69a)flog2nl  +  (94m  +  69a) 

258m  +  264a 

2.28 

11 

FADA 

(3a)nriog2nl  +  (9m  +  8a)n  -  (3a)n*  + 
(48m  +  60a)  I"  log^l  +  (64m  +  42a) 

258m  +  295a 

2.13 

36 

SADA 

(6m  +  9a)nflog2nl  +  (3m  +  2a)n  -  (6m  + 
9a)n*  +  (48m  +  60a)  I  log^l  +  (70m  +  48a) 

294m  +  331a 

1.93 

32 

PPA 

(9m  +  8a)n  +  (48m  +  63a)  flog/)!  + 
(58m  +  24a) 

261m  +  273a 

2.32 

39 

Comparison  of  Serial,  Parallel,  and  Parallel/Pipeline  Algorithms  is  shown  for  quick  reference. 
Here  SA  is  Serial  Algorithm;  FPA  is  First  Parallel  Algorithm;  SPA  is  Second  Parallel  Algorithm; 
FADA  is  First  Architecture-Dependent  Algorithm;  SADA  is  Second  Architecture  Dependent 
Algorithm;  and  PPA  is  Parallel/Pipeline  Algorithm. 


ond  Architecture-Dependent  Algorithm 
(FADA  and  SADA)  with  the  computational 
complexity  of  Ofntog^+Oflog^+OCI).  It 
is  shown  that  the  FADA  is  more  efficient 
than  the  SADA,  which  implies  that  the  FPA 
is  more  suitable  than  the  SPA  for  implement- 
ing on  a  linear  array. 

A  Parallel/Pipeline  Algorithm  (PPA)  is  also 
developed  with  computational  complexity 
of  0(n)+0{\og^)+0{]),  which  represents 
the  fastest  computation  time  for  evaluating 
the  inertia  matrix  on  a  one-dimensional  lin- 
ear array  of  n  processors.  Compared  to  the 
FPA  which  achieves  the  best  computation 
time  on  a  twodimensional  array  of  n(n + 1)/2 
processors,  the  PPA  achieves  a  slightly 
smaller  speedup  but  a  significantly  greater 
efficiency.  Given  this  performance  and  the 
simple  architectural  requirements,  the  PPA 


represents  an  attractive  alternative  for  ex- 
ploiting concurrency  in  computing  the  in- 
ertia matrix.  The  computational  costs  of  dif- 
ferent algorithms  are  presented  in  the  table 
where  m  and  a  represent  the  cost  of  multi- 
plication and  addition,  respectively,  ([xj  de- 
notes the  smallest  integer  greater  than  or 
equal  to  x;  x*  =  x  if  x  =  2m,  and  x*  = 
2m  if  2m>x>2m-\)  The  speedup  and  effi- 
ciency of  different  algorithms  (for  n  =  6) 
are  also  evaluated  and  presented  in  the 
table.  In  this  evaluation,  the  cost  of  multipli- 
cation and  addition  is  taken  to  be  the  same. 
This  work  was  done  by  Amir  Fijany  and 
Antal  K.  Bejczy  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-17718/TN 
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Quick-Connect/Disconnect  Joint  for  Truss  Structures 

A  simple  connector  could 
be  used  for  temporary 
structures  and  pipes. 


A  truss  connector  joins  and  aligns  struc- 
tural members.  The  connector  can  be  at- 
tached without  tools  in  less  than  2  seconds 
and  can  be  taken  apart  just  as  quickly  and 
easily.  Developed  tor  assembling  struc- 
tures in  outer  space,  the  connector  may 
also  be  useful  for  temporary  terrestrial 
structures  like  scaffolds  and  portable 
bleachers.  With  modifications,  it  could  be 
used  to  join  sections  of  pipelines  carrying 
liquids  or  gases. 

The  connector  consists  of  two  sections, 
one  flanged  and  the  other  with  a  mating  in- 
ternal groove  (see  figure).  As  the  flanged 
half  is  inserted  in  the  grooved  half,  the  two 
sections  bring  themselves  into  axial  align- 
ment. Simultaneously,  the  flange  activates 
a  trigger  mechanism  that  releases  a  spring- 
loaded  cone  that  is  concentric  with  the 
grooved  section.  The  cone  slides  from  the 
grooved  section  into  the  flanged  section, 
locking  the  halves  together.  A  large  nut  on 
the  flanged  half  is  tightened  by  hand  against 
the  grooved  half  to  secure  the  connection. 

A  pin  is  mounted  on  the  cone  and  ex- 
tends out  from  a  slot  on  the  grooved  sec- 
tion. It  thus  shows  the  position  of  the  tube; 
the  pin  is  at  far  end  of  the  slot  (away  from 
the  joint)  before  the  flange  is  inserted,  and  it 
is  at  the  near  end  after  the  flange  has  re- 
leased the  cone. 

The  pin  can  also  be  used  to  open  the 
connector.  The  operator  returns  the  pin  to 
its  original  position,  thereby  reloading  the 
cone  against  its  spring,  and  loosens  the  nut. 
The  sections  can  then  be  pulled  apart. 

This  work  was  done  by  Benny  B. 
Sprague  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21539/TN. 


Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 


Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 


II I  «       UJ 

in  mm  W  ifi 

»|8      ii  hi 


I  />        i''S*?»PSII«  'J 

ib- ,r-\-i-A A_j»i8tf«Sjii|iitt 


'  Groove 


Cone  Protruding  Pin 

Attached  to  Cone 


DETAIL  OF  GROOVED  SECTION 


Halves  of  the  Connector  are  shown  before  (top)  and  after  (middle)  assembly.  The  drawing  of 
the  grooved  half  (bottom)  shows  the  spring-loaded  cone  in  its  unreleased  position.  When  the 
flanged  half  is  inserted  in  the  groove,  it  moves  the  lever  of  the  trigger  mechanism  upward. 
The  cone  then  shoots  into  the  grooved  half. 
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Sealing  Out-of-Round  Tubes  With  O-Rings 

Shells  of  connectors  for  electrical  cables  are  adapted 
to  seal  tubes  against  pressure  or  vacuum. 


Glass  or  ceramic  tubes  that  are  out-of- 
round  can  be  sealed  effectively  by  ordinary 
O-rings  in  caps  of  modified  hydraulic  fitt- 
ings. In  a  typical  connection,  the  O-ring  is 
squeezed  between  two  surfaces  that  have 
inward-opening  slants  of  5°  or  10°  (see  fig- 
ure). The  slanted  surfaces  force  the  ring  in- 
ward, compressing  it  around  the  tube.  The 
connector  metal  fitting,  tightened  by  hand 
around  an  O-ring,  can  seal  the  O-ring 
against  a  tube  as  much  as  1/16  in.  (1.6  mm) 
out  of  round. 

Standard  aluminum  or  stainless-steel 
AN  fittings  can  be  readily  adapted  by 
machining  small  amounts  of  material  from 
the  ends  of  the  mating  parts  (see  figure). 
The  modified  connectors  can  seal  glass  or 
ceramic  tubes  against  gas  or  vacuum  leak- 
age in  furnaces,  vacuum  systems,  and 
tubes  for  glassblowing  equipment. 

This  work  was  done  by  Paul  J.  Shlichta 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17791/TN 
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Self-Motion  Manifolds  of  Redundant  Manipulators 

A  new  perspective  on  redundancy  can  yield  alternative  control  strategies. 


Self-motion  manifolds  are  introduced  in 
a  new  approach  to  the  characterization  of 
self-motions  of  a  robotic  manipulator  that 
has  redundant  degrees  of  freedom.  Self- 
motions,  which  are  made  possible  by  the 
redundancy,  are  those  motions  of  the  robot 
joints  that  leave  the  position  of  the  end  ef- 
fector unchanged.  In  much  of  the  previous 
research  on  redundant  manipulators,  the 
approach  has  been  to  resolve  the  redun- 
dancy by  optimizing  the  redundant  mo- 
tions of  the  joints  with  respect  to  additional 
criterion  functions  while  commanding  the 
end  effector  to  follow  the  desired  trajectory. 

The  previous  approach  has  involved  the 
use  of  a  pseudoinverse  of  the  Jacobian 
matrix  (which  consists  of  derivatives  of  the 
coordinates  of  the  end  effector  with  re- 
spect to  the  coordinates  of  the  joints)  in 
optimizing  locally  —  that  is,  within  a  small 
range  of  redundant  motions.  In  the  alter- 
native approach,  the  kinematics  of  the 
robot  are  reformulated  via  a  manifold  map- 
ping that  stresses  global,  rather  than  local, 
kinematic  analysis.  Within  this  theoretical 
framework,  the  infinite  number  of  redun- 
dant solutions  of  the  inverse  kinematic 
problem  (the  problem  of  finding  the  trajec- 


tories of  the  joints  as  functions  of  the  de- 
sired trajectory  of  the  end  effector)  are 
naturally  interpreted  as  a  set  of  self-motion 
manifolds  (see  figure)  rather  than  in  terms 
of  the  Jacobian  null  space. 

This  approach  is  useful  in  the  study  of 
redundant  manipulator  kinematics.  In  ad- 
dition, the  problem  of  the  resolution  of  re- 
dundancy can  be  posed  equivalents  in 
this  approach  as  the  problem  of  the  con- 
trol of  self-motions,  and  the  self-motion 
manifolds  are  useful  in  investigating,  inter- 
preting, and  formulating  both  local  and 


global  techniques  for  the  resolution  of  re- 
dundancy. Redundancy  can  be  resolved 
by  direct  control  of  a  set  of  self-motion  pa- 
rameters, by  direct  control  of  a  related  set 
of  kinematic  functions  defined  by  the  user 
and  the  use  of  these  functions  to  construct 
an  augmented  Jacobian,  or  by  optimiza- 
tion with  an  objective  function. 

This  work  was  done  by  Joel  W.  Burdick 
and  Homayoun  Seraji  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-17965/TN 


Self-Motion 
Manifolds  for  Point  1 
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MANIPULATOR  ARMS  AND  JOINT  ANGLES 


JOINT-ANGLE  SPACE 


The     Self-Motion 

Manifold  of  a  three- 
arm  planar  robotic 
manipulator  with  the 
end  effector  located 
at  point  2  is  a  closed 
curve  in  the  three  di- 
mensional space  of 
the  joint  angles.  For 
point  1,  there  are  two 
manifolds  —  both  spi- 
ral lines. 
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Ultrasonic  Device  Would  Open  Pipe  Bombs 

A  conceptual  device  would  safely  remove  end  caps. 


A  proposed  piezoelectric  vibrator  would 
assist  in  disabling  homemade  pipe  bombs 
with  little  or  no  risk  of  explosion.  Clamped 
to  the  ends  of  the  bomb,  the  device  would 
send  high-frequency,  low-amplitude  sound 
waves  into  a  threaded  cap  (see  figure).  The 
waves  would  generate  fatigue  cracks  at 
the  roots  of  the  pipe  thread.  The  cracks 
would  grow  and  sever  the  threaded  end 
from  the  pipe  body.  The  caps  could  then 
be  safely  removed. 

Almost  all  pipe  bombs  include  steel  pipe 
and  end  caps  purchased  at  hardware 
stores.  In  a  typical  bomb,  an  explosive  or 
conflagrating  material  is  placed  in  the  pipe, 
the  caps  are  screwed  on,  and  a  detona- 
tion fuze  is  inserted  through  a  hole  in  one 
of  the  caps.  Bomb-disposal  technicians 
disarm  the  bomb  by  removing  the  fuzed 
cap.  Currently,  they  do  this  by  obliquely 
directing  a  water  jet  or  a  slug  of  dental 
amalgam  and  steel  shot  at  a  point  on  the 
edge  of  the  fuzed  cap.  This  shears  the  pipe 
at  the  thread.  However,  it  produces  a  sud- 
den, large  deformation  at  the  point  of  im- 
pact that  can  easily  transmit  a  stress  pulse 
that  detonates  the  bomb  material. 

The  piezoelectric  transducer  in  the  pro- 
posed disabling  device  would  vibrate  at  an 
ultrasonic  frequency  that  would  resonate 
only  the  steel  shell,  not  the  material  inside. 
The  approximate  frequency  would  be  cal- 


culated from  the  dimensions  and  geome- 
try of  the  standard  piping  parts  used  in  the 
bomb.  This  calculation  is  expected  to  be 
within  5  percent  of  the  proper  value.  The 
device  would  scan  frequencies  within  this 
range  and  sense  the  resonance;  it  would 
then  hold  this  resonant  frequency  until  the 
pipe  breaks.  The  best  position  for  the 
transducer  would  also  be  determined  from 
the  geometry  of  the  piping. 

Before  energizing  the  transducer,  the 
bomb  technician  would  attach  a  preload- 
ing mechanism  to  apply  an  outward  force 
on  the  caps.  The  force  would  eject  the 
fuzed  cap  from  the  explosive  material  at 


A  Piezoelectric  Ul- 
trasonic Trans- 
ducer, energized  by 
a  frequency  genera- 
tor and  a  power  sup- 
ply, would  vibrate  the 
shell  of  a  pipe  bomb 
while  hardly  disturb- 
ing the  explosive  in- 
ner material.  Fre- 
quency-control cir- 
cuitry would  sense 
resonance  in  the 
shell  and  hold  the 
generator  at  that  fre- 
quency to  induce  fa- 
tigue cracking  in  the 
threads  of  the  end 
caps. 


the  moment  of  fracture. 

In  addition  to  its  use  in  disarming  bombs, 
ultrasonically  induced  fatigue  may  have 
other  applications.  In  manufacturing,  it 
might  replace  some  machining  and  cut- 
ting operations.  In  the  repair  of  equipment, 
it  could  cleanly  and  quickly  disassemble 
corroded  parts.  In  the  demolition  of  build- 
ings it  might  be  used  to  dismember  steel 
framework  safelv  and  controllablv. 

This  work  was  done  by  Michael  S.  El- 
Raheb,  Marc  A.  Adams,  and  James  G. 
Zwissler  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.        NP0-17951/TN 
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SkinHeat  Calculator  Utility  Program  Developed 
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Figure  1.  SkinHeat  User  Interface 


The  Naval  Surface  Warfare 
Center,  Dahlgren,  Virginia,  has 
developed  SkinHeat,  an  infrared 
calculator  utility  program,  for  a 
Macintosh  II  computer  (68020/- 
68030  CPU)  with  a  floating  point 
coprocessor  (68881/68882)  FPU. 
The  program  will  calculate  the 
following:  target  aerodynamic 
skin  heating  temperature,  using 
target  speed,  air  flow  conditions, 
and  ambient  air  temperature; 
radiant  emittance  and  radiant 
intensity,  using  skin  temperature, 
target  emissivity,  target  area,  and 
spectral  band;  target  irradiance 
(ignoring  atmospheric  effects), 
given  a  range  to  the  target  in 
kilometers;  and  backwards  cal- 
culate, given  any  set  of  related 


parameters  any  single  missing 
input  as  a  solution. 

All  parameters  are  visible  and 
accessible  at  any  time.  All 
parameters  can  be  solved  for,  but 
only  one  dependent  variable  at  a 
time  may  be  addressed.  Figure  1 
shows  the  user  interface,  which 
both  displays  the  values  and 
allows  them  to  be  edited. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 
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Dual-Element  Optical-Motion  Detector 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  developed  an 
optical-motion  detector  that  de- 
tects changes  in  scene  lighting  in- 
dicative of  motion  and  is  also 
capable  of  detecting  surveillance 
by  active  night  vision  devices 
using  near-infrared  light.  The  de- 
tector includes  two  photodetectors, 
each  providing  data  to  a  signal 
processing  network.  One  photo- 
detector  is  sensitive  to  visible 
light;  the  other  is  sensitive  to  near- 
infrared  light.  Both  signal 
processing  networks  are  identical 
and  include  a  sample-and-hold,  a 
comparator  network,  and  a  pulse 
stretcher. 

The  output  of  a  photodetector 
is  provided  to  the  sample-and-hold 
and  comparator  network.  The 
comparator  network  compares  a 
voltage  corresponding  to  the  in- 
stantaneously detected  ambient 
lighting  scene.  The  pulse  stretcher 


receives  the  output  of  the  compa- 
rator network  and,  in  turn, 
lighting  scene.  The  pulse  stretcher 
receives  the  output  of  the  compa- 
rator network  and,  in  turn, 
provides  an  output  to  a  logical 
processor.  The  logical  processor 
compares  the  outputs  of  both 
signal  processing  networks  and 
provides  an  output  indicating 
surveillance  with  near-infrared 
light.  The  logical  processor  also 
indicates  any  disturbance  in  the 
intensities  of  incandescent  and 
fluorescent  lights. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160806/TN 
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Improved  Force-and-Torque  Sensor  Assembly 

Forces  and  torques  are  measured  by  different  strain  gauges  at  different  positions. 


An  improved  sensor  assembly  meas- 
ures the  forces  and  torques  of  interaction 
between  a  supporting  and  a  supported  ob- 
ject. For  example,  the  assembly  could  be 
placed  at  the  wrist  of  a  robot  to  measure 
the  operating  loads  between  the  arm  and 
hand.  Like  many  prior  force-and-torque 
sensor  assemblies,  this  one  includes  strain 
gauges  mounted  on  flexure  beams  in  posi- 
tions and  orientations  that  make  them  sen- 
sitive to  strains  proportional  to  the  forces 
and  torques  to  be  measured.  The  imme- 
diate predecessor  of  the  improved  sensor 
assembly  was  similar  in  that  it  had  a  four- 
flexure  beam  configuration,  but  it  was  rela- 
tively insensitive  to  axial  forces,  and  it  was 
necessary  to  extract  axial-force  data  from 
the  outputs  of  the  same  strain  gauges  that 
also  measured  the  torques. 

The  improved  assembly  (see  figure)  is 
sensitive  to  all  three  components  of  force 
and  all  three  components  of  torque.  In  this 
sensor  assembly,  the  strain  gauges  that 
measure  the  forces  are  separate  from  the 
ones  that  measure  the  torques.  The  force- 
measuring  gauges  are  positioned  and 
oriented  to  be  insensitive  to  torques,  while 
the  torque-measuring  strain  gauges  are 
mounted  to  be  insensitive  to  forces. 

Each  strain  gauge  is  mounted  on  a  flex- 
ure beam  in  a  position  and  orientation  that 
makes  it  sensitive  to  a  component  of  longi- 
tudinal strain  indicative  of  bending  of  the 
beam  about  one  of  its  axes.  In  this  con- 
figuration, pure  torque  loads  do  not  cause 
bending  of  the  crossed  flexure  beams  at 
the  axis  of  symmetry.  However,  force  loads 
along  or  perpendicular  to  the  axis  of  sym- 
metry do  cause  these  beams  to  bend  at 


The  Improved 
Force-a  n  d- 
Torque-Sensor 
Assembly  mea- 
sures all  three 
components  of 
force  and  all 
three  compo- 
nents of  torque. 
The  force  mea- 
surements are 
uncoupled  from 
the  torque  mea- 
surements. The 
price  for  the  im- 
proved measure- 
ment capability 
is  complexity  and 
flexibility  that 
could  be  exces- 
sive in  some  ap- 
plication 


SECTION  AA 

the  axis  of  symmetry.  Consequently,  the 
strain  gauges  near  the  axis  of  symmetry 
are  not  sensitive  to  torques  but  are  sen- 
sitive to  forces. 

Torque  loads  do  cause  the  beams  to 
bend  at  the  points  near  the  thin  webs  that 
join  them  to  the  connection  to  the  support- 
ing object.  Consequently,  the  strain  gauges 
at  these  points  measure  torque  loads. 
Force  loads  also  cause  some  bending  at 


these  points,  but  the  strain  gauges  here 
are  less  sensitive  to  force  loads  than  are 
the  strain  gauges  at  the  axis  of  symmetry. 
In  any  event,  these  gauges  can  be  con- 
nected in  a  bridge  circuit,  or  their  outputs 
can  be  processed  in  such  a  way  as  to 
cancel  the  force  readings. 

This  work  was  done  by  Robert  M.  Barn- 
ford  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-17370/TN 
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Pressure  Roller  for  Tape-Lift  Tests 

A  simple,  easy-to-use  tool  provides  more  nearly  uniform  pressure. 


A  rolling  device  applies  a  nearly  con- 
stant, uniform  pressure  to  a  surface.  The 
device  is  intended  for  use  in  taking  tape- 
lift  samples  of  particulate  contamination 
on  the  surface. 

Heretofore,  the  usual  method  of  taking 
such  a  sample  has  been  to  lay  the  sticky 
side  of  an  adhesive  tape  on  the  contam- 
inated surface,  smooth  it  with  the  fingers, 
then  remove  the  tape,  and  examine  it  un- 
der a  microscope  to  determine  the  number 
and  size  of  contaminant  particles.  With  this 
method,  however,  it  is  practically  impossi- 
ble to  ensure  that  a  constant  pressure  is 
applied  evenly  over  the  tape  when  it  is 
smoothed.  Therefore,  particles  may  cling 
more  in  certain  areas  and  less  in  others, 
and  the  accuracy  of  the  measurement 
becomes  questionable. 

The  rolling  device  is  used  in  place  of 
the  fingers  to  ensure  that  nearly  the  same 
pressure  is  applied  over  the  entire  area  of 
the  tape.  The  pressure  applied  is  also  in- 
dependent of  the  user.  The  device  includes 
a  sheath  of  foam  rubber  or  other  suitable 
elastomeric  material  on  a  cylinder  that  has 
wheels  at  its  ends.  The  cylinder  is  mounted 
to  rotate  on  a  handle  (see  figure).  The 
diameter  of  the  wheels  is  greater  than  that 
of  the  cylinder  but  less  than  that  of  the 
sheath.  The  user  grasps  the  handle  of  the 
device  and  pushes  it  against  the  surface, 
compressing  the  sheath  until  the  wheels 
make  contact  with  the  surface.  The  user 
thus  compresses  the  foam  a  fixed  amount, 
and  consequently  the  foam  applies  a  near- 
ly constant  pressure  to  the  surface.  The 
foam  also  conforms  to  slight  irregularities 
of  the  surface. 

Keeping  the  wheels  in  contact,  the 
user  rolls  the  sheath  across  the  tape  to 
apply  the  pressure  for  the  collection  of 
particles.  The  inspection  for  contamination 
is  thus  done  under  consistent,  repeatable 
conditions. 

The  pressure  can  be  changed  in  either 
of  two  ways: 
•  Changing  the  diameter  of  the  wheels.  A 


This  Simple  Tool  ex- 
erts a  nearly  constant 
pressure  via  compres- 
sion of  the  sheath  by  a 
fixed  amount.  Pins  hold 
the  wheels  on  the  cyl- 
inder and  the  cylinder 
on  the  tangs  of  the 
handle.  The  cylinder 
and  handle  can  be 
made  of  metal  or  plas- 
tic. The  sheath  can  be 
press-fit  or  glued  to  the 
cylinder.  The  end  pins 
can  be  attached  to  the 
cylinder  by  adhesive  or 
screw  threads. 
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smaller  diameter  increases  the  pressure, 
while  a  larger  diameter  decreases  it 
(eventually  reaching  zero  when  the  di- 
ameter of  the  wheel  matches  that  of  the 
sheath). 

•  Changing  the  thickness  or  the  material 
of  the  sheath.  For  example,  a  stiffer  foam 
rubber  applies  greater  pressure  for  a 
given  distance  of  compression. 
This  work  was  done  by  Eve  Abrams 

Goddard  Space  Flight  Center. 
This  invention  is  owned  by  NASA,  and 

a  patent  application   has  been   filed. 

Inquiries    concerning    nonexclusive    or 

exclusive    license    for   its    commercial 


development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13230/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S. 
Friedman 
Mail  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
R.  Dennis  Marchant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 
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Unbalanced  Rotating  Masses  for  Scanning 

Scans  can  be  performed  with  less  power  and  at  less  cost. 


Unbalanced  rotating  masses  could  be 
low-cost,  low-power,  lightweight  means  of 
generating  scanning  torques  for  scientific 
instruments.  They  could  impart  a  variety 
of  scanning  patterns  —  continuous  cir- 
cular, back-and-forth  linear,  and,  with  the 
aid  of  an  indexing  mechanism,  raster.  A 
system  of  unbalanced  rotating  masses  has 
been  proposed  for  scanning  gimbaled  sen- 
sors that  will  observe  the  Sun  from  a  bal- 
loon-borne gondola.  Two  unbalanced  mass- 
es would  move  the  sensor  aim  in  a  circular 
pattern  around  the  center  of  the  Sun  (see 
figure). 

A  rotating-unbalanced-mass  device 
would  consist  of  a  mass  on  a  lever  arm 
rotating  at  a  constant  angular  velocity.  The 
centrifugal  force  of  the  rotating  mass  would 
create  a  torque  about  the  center  of  gravi- 
ty of  the  gimbaled  platform.  The  torque 
would  move  the  platform  and  sensors  in 
the  requisite  scanning  pattern.  A  torque 
motor,  a  device  tachometer,  a  resolver  or 
encoder,  and  feedback  control  electronics 
would  be  used  to  make  the  device  rotate 
at  constant  angular  velocity. 

In  a  system  like  that  of  the  balloon-borne 
experiment,  the  motions  of  the  two  un- 
balanced masses  would  have  to  be  syn- 
chronized electronically  so  that  their  rota- 
tions would  produce  the  required  effect. 

Compared  with  older  scanning  systems, 
rotating-unbalanced-mass  systems  offer 
important  advantages.  In  the  balloon  ex- 
periment, for  example,  reaction  wheels 
would  consume  much  more  power  —  174 
W  versus  21  W  for  the  unbalanced  mass- 
es. Reaction  wheels  would  also  be  more 
expensive.  Thrustors  are  more  expensive 
and  rely  on  limited  supplies  of  propellant. 
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Rotating  Unbalanced  Masses  would  pro- 
duce linear  or  circular  scans.  The  scanning 
rate  would  be  determined  by  the  sizes  of 
the  moment  arms  and  the  rotational  veloci- 
ties. 


Torque  motors  used  to  rotate  entire  plat- 
forms (instead  of  only  the  unbalanced 
masses)  generate  reaction  torques  in  the 
supporting  structure,  which  can  disturb  the 
experiment. 

Reaction  wheels,  thrustors,  torque  mo- 
tors, or  control-moment  gyros  would  still 
be  needed  to  center  scans  or  for  indexing 
them  in  rasters.  However,  the  torques 
needed  for  these  purposes  would  be  low, 
and  the  units  would  be  small. 

This  work  was  done  by  Michael  E. 
Polites  of  Marshall  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Marshall  Space  Flight 
Center.  Refer  to  MFS-28425/TN. 
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Variable-Speed 
Instrumented  Centrifuges 

Image  and  data  recording 
and  controlled  temperature 
and  gravity  would  be  provided 
for  12  experiments. 

A  report  describes  a  conceptual  pair  of 
centrifuges,  the  speed  of  which  could  be 
varied  to  produce  a  range  of  artificial 
gravities  in  a  zero-gravity  environment.  The 
microprocessor-controlled  centrifuges 
would  include  video  cameras  to  record 
stop-motion  images  of  experiments. 

The  centrifuge  speed  would  be  variable 
from  0.66  to  75.6  r/min,  creating  accelera- 
tions ranging  from  0.0001  to  1.3  times  the 
gravitational  acceleration  at  the  surface  of 
the  Earth.  Potential  applications  of  the 
machine  include  studies  of  the  effect  of 
gravity  on  the  growth  and  on  the  produc- 
tion of  hormones  in  corn  seedlings,  ex- 
periments with  magnetic  flotation  to  sepa- 
rate cells,  and  electrophoresis  to  separate 
large  fragments  of  deoxyribonucleic  acid. 


Each  centrifuge  would  be  independent- 
ly controlled  and  would  accommodate  six 
experiments.  Sliprings  would  provide 
power  and  signal  lines  for  the  experiment 
containers.  The  microprocessor  would 
control  the  speed,  temperature,  displays, 
and  the  recording  of  images  and  data.  It 
would  consist  of  a  central  processor  on  a 
mother  board,  a  variety  of  circuit  boards 
custom-designed  for  the  experiments,  and 
a  digitizer  to  transfer  video  data  to  disks. 

The  video  cameras  would  include 
charge-coupled  devices  that  can  store  im- 
ages in  their  memories  in  less  than  one-six- 
tieth of  a  second.  One  camera  would  be 
provided  for  each  centrifuge.  Infrared  light 
would  be  flashed  on  an  experiment  con- 
tainer, and  the  camera  would  record  the 


image.  The  image  of  a  rapidly  moving  ob- 
ject would  not  be  blurred  but  merely  elon- 
gated in  the  direction  of  motion.  This  distor- 
tion could  be  removed,  if  necessary,  by 
subsequent  data  processing. 

Video  and  other  data  would  be  stored  on 
two  3.5-in.  (8.9-cm)  floppy  disks.  Each  disk 
could  accommodate  more  than  3.2  Mb  of 
formatted  digital  information  at  a  rate  of 
500  kb/s. 

This  work  was  done  by  David  K.  Chap- 
man and  Allan  H.  Brown  of  MICRO-G 
Research  Inc.  for  Kennedy  Space 
Center.  "Variable  Speed  Mid-Deck 
Centrifuge."  KSC-11383/TN 
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External  Abiotic  Agents  Affect  Vegetation 


The  Naval  Civil  Engineering 
Laboratory  (NCEL),  Port 
Hueneme,  California,  has  investi- 
gated biogeochemical  and  ground- 
based  remote-sensing  techniques 
designed  to  detect,  assess,  and 
monitor  hazardous  waste  disposal 
activities  at  several  Navy  facil- 
ities. The  investigation  was  de- 
signed to  develop  a  timely  and 
cost-effective  strategy  to  study 
hazardous  waste  activities.  Tissue 
samples  from  two  tree  species 
(Douglas  fir  and  red  alder)  were 
collected  from  an  ordnance  burn 
site  and  from  an  electroplating 
acid  waste  disposal  site  near 
Bangor,  Washington.  The  samples 
were  measured  with  a  spectro- 
radiometer  employing  Landsat 
Thematic  Mapper  bands  as  well  as 


narrow  bandpasses  along  the  red 
edge.  The  samples  were  also 
analyzed  for  their  elemental 
content.  Control  sites  were  also 
chosen  and  sampled. 

The  results  showed  that  red 
edge  reflectance  values  were 
significantly  different  among 
samples  collected  at  the  hazardous 
waste  sites  than  in  samples 
collected  at  the  control  sites. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 
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Producibility  Measurement  Handbook 


"Producibility  Measurement  for  DOD 
Contractors  or  How  Can  I  Make  What 
The  Government  Wants  Without  Losing 
My  Shirt"  was  prepared  in  response  to  a 
need  for  better  understanding  of  the 
importance  of  producibility  measure- 
ment in  both  industry  and  government. 
The  first  printing  was  depleted  within 
three  months.  A  second  printing  of  10,000 
copies  is  now  available  for  distribution. 

The  book  is  not  intended  to  be  a 
comprehensive  manual  on  the  subject  of 
producibility  measurement.  It  is  an  in- 
troductory text  designed  to  acquaint 
readers  with  the  subject  and  its  impor- 
tance to  all  involved  in  the  procurement 
process. 

In  addition  to  delineating  the  impor- 
tance of  using  producibility 
measurement  to  facilitate  bidding,  pro- 
duction, evaluation,  and  monitoring,  the 
book  provides  an  overview  of  two 


producibility  measurement  tools  cur- 
rently used  by  a  number  of  major 
industrial  firms  engaged  in  both  defense 
and  commercial  manufacturing.  It  pro- 
vides examples  of  how  the  tools  can  be 
applied  and  formats  can  be  adapted  to 
specific  requirements  of  a  given  com- 
pany. 

It  also  covers  the  proper  resources 
needed,  both  in  personnel  and  work 
environment,  to  perform  effective 
producibility  measurement.  Checklists 
for  industry  and  DOD  use  in  establish- 
ing, maintaining,  and  evaluating 
producibility  measurement  programs 
are  included.  There  is  also  a  selected 
bibliography  containing  works  on  the 
tools  that  are  discussed  in  the  book  and 
on  the  subject  of  producibility  measure- 
ment in  general.  To  request  a  copy,  call 
(703)  892-3227. 
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Manufacturing  Ethyl  Acetate  From  Fermentation  Ethanol 

A  conceptual  process  would  use  a  dilute  product  of  fermentation  instead  of  concentrated  ethanol. 


A  proposed  process  would  synthesize 
ethyl  acetate  from  low-concentration  (4  to 
6  weight  percent)  fermentation  ethanol. 
Ethyl  acetate,  a  widely  used  solvent,  is  cur- 
rently made  from  costly  distilled  ethanol 
(93  weight  percent).  The  new  process  would 
consume  less  energy  —  1,600  to  2,000 
Btu  per  pound  (3.7  to  4.7  MJ  per  kilogram) 
versus  more  than  3,000  Btu  per  pound  (7 
MJ  per  kilogram)  of  ethyl  acetate  for  the 
current  process. 

in  the  proposed  new  process,  a  vacuum 
would  continuously  remove  a  mixture  of 
ethanol  and  water  vapors  from  a  fermen- 
tor  maintained  at  a  temperature  of  33  °C 
and  atmospheric  pressure  (see  figure). 
Acetic  acid  would  be  added  to  the  ethanol 
and  water  vapor,  and  the  combined  stream 
would  be  fed  to  a  catalytic  reactor,  where 
ethyl  acetate  would  be  synthesized.  The 
reaction  would  proceed  in  the  vapor  phase 
at  a  temperature  of  150  °C  and  a  pressure 
of  1  atm  (0.1  MPa)  with  zirconium  oxide 
or  silica  gel  as  catalyst. 

The  gaseous  product  from  the  reactor 
would  be  cooled  to  100  °C  to  remove  ex- 
cess water  and  unconverted  acetic  acid. 
Azeotropic  distillation  at  71  °C  would  pro- 
duce a  solution  of  83  percent  ethyl  acetate, 
9  percent  ethanol,  and  8  percent  water  by 
weight.  This  distillation  would  recover  much 
of  the  unconverted  ethanol,  which  would 
be  recycled  into  the  ethanol/water-vapor/ 
acetic  acid  stream  going  to  the  catalytic 
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Low-Concentration  Ethanol,  extracted  by  vacuum  from  a  fermentation  tank,  and  acetic  acid 
would  constitute  the  feedstock  for  a  catalytic  reaction.  The  product  of  the  reaction  would  go  through 
steps  that  would  increase  the  ethyl  acetate  content  to  93  percent  by  weight.  To  conserve  energy, 
heat  exchangers  would  recycle  waste  heat  to  preheat  the  process  streams  at  various  points. 


reactor.  A  final  decantation  would  yield  a 
commercial  grade  product  composed  of 
93  percent  ethyl  acetate,  5  percent 
ethanol,  and  2  percent  water  by  weight. 
Two  alternative  schemes  for  using  fer- 
mentation ethanol  directly  were  consid- 
ered; calculations  showed  that  both  would 
be  less  energy-efficient  than  the  proposed 
vacuum-extraction  scheme  would  be.  In 
one  of  these  schemes,  carbon  dioxide 
stripping  would  be  used  to  remove  ethanol 
from  the  fermentor;  this  scheme  would 


consume  over  2,200  Btu  per  pound  (5.1 
MJ  per  kilogram)  of  ethyl  acetate.  In  the 
other  scheme,  ethanol  would  be  distilled 
directly  from  the  product  of  the  fermentor 
and  used  to  synthesize  ethyl  acetate;  this 
scheme  would  consume  about  2,800  Btu 
per  pound  (6.5  MJ  per  kilogram)  of  ethyl 
acetate. 

This  work  was  done  by  Naresh  K. 
Rohatgi  and  John  D.  Ingham  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-17923/TN 
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Reusable  Mechanical  Pin  Puller 

The  puller  can  be  used  in  the  testing  of  systems  that  normally  use  expensive  pyrotechnic  pullers. 


A  reusable,  mechanical  pin  puller  (see 
figure)  was  designed  to  save  money  and 
increase  safety  as  a  substitute  for  costly 
and  potentially  dangerous  pyrotechnic  pin 
pullers  used  in  the  development  and  test- 
ing of  deployment  mechanisms.  In  the  de- 
velopment of  the  Cosmic  Background 
Explorer  Spacecraft,  launched  in  1989, 
mechanical  pin  pullers  were  designed  to 
use  in  place  of  the  28  pyrotechnic  pin 
pullers,  each  costing  $500  to  $1,000,  in 
three  deployable  systems:  a  solar  array, 
a  thermal  shield,  and  an  antenna.  Versions 
of  the  mechanical  pin  puller  could  be  used 
in  other  mechanisms  that  would  normally 
be  activated  by  pyrotechnic  pin  pullers. 

Designed  to  exert  a  pull  of  250  lb  (1 ,100 
N),  the  pin  puller  includes  a  cylindrical 
housing  that  contains  a  piston,  a  large 
spring,  and  a  trigger  mechanism.  The  trig- 
ger mechanism  includes  an  arm  that 
keeps  the  piston  loaded  against  the  corn- 
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pressed  large  spring  until  the  time  of  ac- 
tivation. A  small  spring  keeps  the  arm  load- 
ed against  a  small  pin  protruding  from  a 
solenoid  until  the  time  of  activation.  Upon 
retraction  of  the  small  pin  by  the  solenoid 
at  the  time  of  activation,  the  small  spring 
turns  the  arm  away  from  the  piston,  and 
the  large  spring  drives  the  piston  down- 
ward through  a  distance  of  about  0.5  in. 
(12.7  mm)  onto  a  polytetrafluoroethylene 
spacer. 

To  prepare  the  pin  puller  for  reuse,  one 
disassembles  the  top  portion  of  the  me- 
chanism, replaces  the  spacer,  reassem- 
bles the  top  portion,  and  reloads  the  piston 
against  the  large  spring  while  cocking  the 
arm  against  the  small  spring.  The  large 
spring  can  be  changed  to  change  the  pull. 

This  work  was  done  by  Son  Ngo  and 
Rodger  Farley  of  Goddard  Space  Flight 
Center  and  Ed  Devine  of  Swales 
Associates.  GSC-13355/TN 


The  Reusable  Mechanical  Pin  Puller  is 

a  relatively  simple  spring-loaded  trigger 
mechanism. 
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Staking  Pliers 


Pliers  with  a  simple  modification  deform  threads  quickly,  easily,  and  inexpensively. 


A  modified  pair  of  ordinary  pliers  de- 
forms the  thread  on  a  bolt  after  a  nut  has 
been  screwed  on  it.  The  deformed  threads 
prevent  a  loosened  nut  from  backing  off 
under  vibrations  or  impact.  The  staking 
pliers  are  used  in  place  of  the  center 
punch  and  hammer  formerly  used  to  stake 
(deform)  the  thread.  In  comparison  with 
the  center  punch  and  hammer,  the  pliers 
are  easier  and  faster  to  use  and  less  like- 
ly to  damage  parts. 

The  modification  consists  of  (1)  drilling 
and  tapping  a  hole  in  one  of  the  jaws  and 
inserting  a  hardened  setscrew  with  a 
sharply  ground  point  in  the  hole  and  (2)  put- 
ting a  notch  in  the  tip  of  the  opposing  jaw 
(see  figure).  When  the  jaws  are  clamped 
on  a  bolt,  the  point  of  the  setscrew  is 
driven  into  the  thread,  reshaping  it  so  that 
the  inside  thread  of  a  nut  can  no  longer 
slide  on  it.  The  notch  in  the  jaw  opposite 
the  setscrew  centers  and  holds  the  bolt 
while  the  point  presses  into  it. 

This  work  was  done  by  Elwood  S.  Falls 
of  Johnson  Space  Center. 
MSC-21725/TN 


Ordinary  Pliers  are  modified  by  the  addition  of  a  hard-pointed  setscrew  in  one  jaw 
and  a  groove  in  the  opposite  jaw.  When  the  jaws  are  squeezed  together  on  a  bolt, 
the  point  deforms  the  thread. 
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Verification  of  Tooling  for  Robotic  Welding 

Computer  simulations,  robotic  inspections,  and  visual 
inspections  are  performed  to  detect  discrepancies. 


A  method  for  the  verification  of  tooling 
for  robotic  welding  involves  a  combination 
of  computer  simulations  and  visual  inspec- 
tions. The  verification  process  ensures  the 
accuracy  of  a  mathematical  model  that 
represents  the  tooling  in  an  off-line  pro- 
gramming system  that  numerically  simu- 
lates the  operation  of  the  robotic  welding 
system.  In  so  doing,  the  process  helps  to 
prevent  damaging  collisions  between  the 
welding  equipment  and  the  workpiece,  to 
ensure  that  the  tooling  is  positioned  and 
oriented  properly  with  respect  to  the  work- 
piece,  and/or  to  determine  whether  the 
tooling  has  to  be  modified  or  adjusted  to 
achieve  the  foregoing  objectives. 

The  mathematical  model  for  a  tool  to 
be  used  in  welding  a  given  workpiece  is 
first  developed  on  a  computer-aided-de- 
sign system  (e.g.,  Computervision  or  equi- 
valent). The  model  is  transferred  to  another 
computer-aided-design  system  (e.g.,  Uni- 
graphics  or  equivalent)  for  the  generation 
of  test  points  at  various  known  locations 
on  the  tool.  These  are  points  to  which  a 
tool-inspecting  robot  will  subsequently  be 
commanded  to  move. 

The  model  of  the  tooLand  the  test-point 
information  are  then  viewed  with  the  help 
of  commercially  available  simulation  soft- 
ware (e.g.,  PLACE  or  equivalent).  The  posi- 
tion and  the  orientation  of  the  surface  are 
verified  at  each  test  point.  If  the  orienta- 
tion at  a  point  is  improper,  it  could  cause 


the  inspecting  robot  to  attempt  to  reach 
beyond  the  limits  of  its  joints.  Consequent- 
ly, it  may  be  necessary  to  alter  the  mathe- 
matical model  of  the  tool.  Once  the  model 
and  the  test  points  are  satisfactory,  they 
are  saved  in  a  computer  file.  From  this  file, 
the  locations  of  the  test  points  (relative  to 
where  the  tool  is  attached  to  a  position- 
ing table)  are  computed  and  used  to  create 
a  trajectory  for  the  inspecting  robot. 

The  off-line  programming  system  is  used 
to  create  a  program  to  move  the  inspect- 
ing robot  to  the  desired  test  points  on  the 
real  tool.  To  do  this,  another  simulation  is 
performed  —  this  time  taking  account  of 
the  entire  collection  of  equipment  in  the 
robotic  work  cell,  including  the  robot  and 
its  end  effector,  the  positioning  table,  and 
the  tool.  The  trajectory  created  in  the  pre- 
vious step  must  be  within  the  reach  of  the 
robot,  and  the  limits  of  the  joints  are  ex- 
amined to  verify  this. 

To  prevent  damage  to  the  tool  or  the  in- 
specting robot,  collisions  are  detected  dur- 
ing this  simulation.  The  alignment  and  lo- 
cation of  the  tool  on  the  positioning  table 
are  also  watched  to  determine  whether  the 
mathematical  model  has  to  be  adjusted 
further.  At  the  completion  of  a  successful 
simulation  (that  is,  when  there  are  no  col- 
lisions and  no  joint  limits  are  exceeded), 
the  program  for  the  robot  is  created  and 
transmitted  electronically  to  the  robot  con- 
troller. 


The  tool  is  mounted  on  the  positioning 
table.  A  special  end  effector  that  measures 
the  position  of  the  robot  relative  to  the  sur- 
face under  inspection  is  mounted  on  the 
robot.  This  measurement  is  then  performed 
at  each  test  point.  The  resulting  measure- 
ment data  are  used  to  determine  whether 
the  mathematical  model  of  the  tool  match- 
es the  real  tool.  If  necessary,  the  model  can 
be  revised  and  the  process  repeated  until 
the  differences  between  the  model  and  the 
tool  are  acceptably  small. 

This  work  was  done  by  Mark  R. 
Osterloh,  Karen  E.  Sliwinski,  and  Ronald 
R.  Anderson  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-29725/TN. 
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ESCA  Studies  of  Marine  Conditioning  Films 
Performed 


Immersion  of  a  solid  surface 
into  a  body  of  natural  water 
exposes  the  surface  to  both  the 
water  itself  and  to  a  variety  of 
dissolved  materials.  Because  the 
absorption  process  is  usually  faster 
than  perceived  on  corrosion  or 
biological  colonization,  the  degree 
to  which  the  absorbed  layer  affects 
subsequent  events  is  important  in 
the  control  of  biofouling  and 
corrosion  of  naval  equipment.  In 
this  work  conducted  by  the  David 
Taylor  Research  Center  (DTRC), 
Carderock,  Maryland,  Electron 
Spectroscopy  for  Chemical  Analy- 
sis (ESCA)  studies  of  the  nature  of 
the  films  formed  during  immersion 
in  the  natural  water  of  the  Severn 
estuary  are  performed  and  com- 
pared with  ESCA  signals  obtained 
from  samples  of  known  substances 
in  natural  waters  (Figure  2).  The 
variables  affecting  the  nature  of 
the  film  on  copper-nickel  alloy 
included  the  biogeochemical  state 
of  the  estuary,  as  determined  by 
the  season  and  the  electrochemical 
potential.  Immersion  of  a  sample 
of  the  plastic  poly  [vinyl  chloride] 
(PVC)  did  not  result  in  perceptible 
absorption,  but  immersion  of  poly 
[fluoroethylene-propylene]  (FEP 
Teflon)  resulted  in  a  clear  change 
of  the  carbon  and  oxygen  ESCA 
signals,  indicating  significant 
absorption.     Both  sulfides  and 


Figure  2.  ESCA  carbon  signal  of  exposed  PVC 

protein-related  components  in 
natural  saline  waters  have  been 
implicated  in  accelerated  corrosion 
of  copper  and  its  alloys.  These 
findings  indicate  the  detectability 
of  these  substances  after  shore 
exposure  and  show  that  their 
presence  is  related  to  the  exposure 
conditions. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160902/TN 
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Initiating  Growth  of  Crystals  Away  From  Container  Walls 

Nucleation  would  be  controlled  to  obtain  better  crystals. 


In  a  technique  proposed  specifically  for 
growing  large  protein  crystals  in  micro- 
gravity  (where  there  is  no  thermal  convec- 
tion), a  small  region  of  high  supersatura- 
tion  would  be  created  by  injection  of  hot 
concentrated  solution  or  by  use  of  a  cold 
probe.  The  crystals  would  nucleate  pref- 
erably in  this  small  region.  It  is  also  at  least 
conceivable  that  this  technique  could  be 
applied  on  Earth  to  crystallizations  in  melts 
and  solutions  that  are  sufficiently  viscous 
to  suppress  convection  to  the  extent  nec- 
essary to  prevent  cooling-induced  nuclea- 
tion in  undesired  sites. 

Heretofore,  nucleation  in  microgravity 
has  typically  been  induced  by  cooling  the 
walls  of  a  growth  chamber  to  cool  a  satur- 
ated or  nearly  saturated  solution  in  the 
chamber.  Because  the  solution  near  the 
walls  becomes  supersaturated  first  as  the 
cooling  diffuses  inward  through  the  solu- 
tion, many  crystals  form  first  on  the  walls, 
which  undesirably  modify  the  growth  of 
these  crystals.  Furthermore,  the  sizes  of 
resulting  crystals  are  undesirably  limited 
because  the  solution  is  rapidly  depleted 
of  solute. 

In  the  first  version  of  the  proposed  tech- 
nique (see  figure),  a  plunger  controlled  by 
a  micrometer  would  force  a  drop  of  hot, 
highly  concentrated  solution  from  a  reser- 
voir into  a  body  of  less-concentrated  (but 
nevertheless  at  least  slightly  supersaturat- 
ed) growth  solution.  Provided  that  there 
was  negligible  convection  and  the  thermal 
diffusivity  was  greater  than  the  mass  dif- 
fusivity,  the  injected  drop  would  cool  and 
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Nucleation  of  Crystals  would  be  induced 
in  the  growth  solution  by  injection  of  a 
drop  of  hot,  highly  concentrated  solution 
to  form  a  small,  highly  supersaturated 
region  away  from  the  walls. 

become  highly  supersaturated  before  its 
concentration  could  be  reduced  by  diffu- 
sion of  mass  into  the  surrounding  less- 
concentrated  growth  solution.  Nucleation 
would  then  occur  for  a  short  time.  After 
nucleation,  diffusion  of  mass  would  cause 
the  region  of  high  supersaturation  to  dis- 
sipate. The  degree  of  saturation  surround- 
ing the  nuclei  of  the  crystals  would  then 
return  to  the  ambient  value,  preventing  fur- 
ther nucleation.  Diffusion-controlled  growth 
of  the  few  crystals  nucleated  in  this  region 
would  then  proceed  without  interference 
from  surfaces. 

In  the  second  version  of  the  proposed 


technique,  a  rod  with  cold  tip  would  be  in- 
serted into  the  supersaturated  growth  solu- 
tion. Nucleation  would  occur  in  the  small 
region  of  cooled  solution  near  the  tip,  and 
the  growth  of  the  resulting  crystal(s)  would 
deplete  the  solute  from  the  region  of  the 
solution  adjacent  to  the  growing  faces;  this 
region  would  remain  stable  in  the  absence 
of  convection.  Provided  that  thermal  diffu- 
sion in  the  solution  is  faster  than  is  mass 
diffusion  (as  is  usually  the  case),  the  solu- 
tion adjacent  to  the  depleted  region  would 
cool  and  become  highly  supersaturated 
before  mass  diffusion  depleted  this  part  of 
the  solution  also.  Nucleation  would  then  oc- 
cur in  this  region,  the  effect  being  similar 
to  that  of  the  hot-fluid-injection  technique. 

This  work  was  done  by  Roger  L  Kroes, 
Donald  A.  Reiss,  and  Sandor  L  Lehoczky 
of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28473/TN. 
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Microwave  Levitation  of  Small  Objects 

Feedback  control  and  an  atmosphere  would  not  be  needed. 


Microwave  radiation  in  resonant  cavities 
would  be  used  to  levitate  small  objects, 
according  to  a  proposal.  This  technique 
was  conceived  for  use  in  experiments  on 
the  processing  of  materials  in  the  low  gra- 
vitation of  outer  space,  but  it  could  also 
be  used  in  normal  Earth  gravitation,  albeit 
under  some  limitations. 

In  principle,  almost  any  electrically  po- 
larizable  material  could  be  levitated  by  mi- 
crowaves. Unlike  in  magnetic  or  electro- 
static levitation,  no  feedback  control  system 
would  be  required  to  keep  the  levitated  ob- 
ject at  a  position  of  stable  equilibrium.  Un- 
like in  acoustic  levitation,  it  would  not  be 
necessary  to  maintain  an  atmosphere  of 
a  particular  gas  at  a  particular  temperature 
and  pressure  in  the  levitation  chamber;  in- 
deed, under  many  conditions  it  could  be 
preferable  or  even  essential  to  maintain  a 
vacuum  in  the  chamber. 

The  principle  of  microwave  levitation  is 
reminiscent  of  that  of  acoustic  levitation 
in  that  the  time-averaged  square  of  the 
magnitude  of  the  electric  field  plays  a  role 
analogous  to  that  of  the  time-averaged 
square  of  the  acoustic  pressure.  A  small 
object  that  has  an  electric  permittivity 
greater  than  that  of  the  atmosphere  (this 
is  always  true  if  the  atmosphere  is  a 
vacuum)  experiences  a  net  time-averaged 
dielectrophoretic  force  in  the  direction  of 
increasing  magnitude  of  electric  field; 
more  specifically,  the  time-averaged  force 


is  proportional  to  the  gradient  of  the  time- 
averaged  square  of  the  electric  field. 

Exploiting  this  principle,  the  dimensions 
of  the  levitation  chamber,  the  frequency 
of  the  microwave  signal,  and  the  method 
of  coupling  the  signal  into  the  cavity  would 
be  chosen  to  excite  a  resonant  electro- 
magnetic mode  or  modes  in  which  there 
would  be  at  least  one  position,  away  from 
the  walls,  from  which  the  magnitude  of  the 
electric  field  would  decrease  in  all  direc- 
tions. Such  a  position  can  be  found  by 
analysis  of  the  electromagnetic  modes  of 
the  chamber.  A  particle  that  was  initially 
placed  at  this  position  and  that  started  to 
drift  away  would  be  driven  back  to  the 
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The  Maximum  Restoring  Accelerations 

of  levitated  1-mm  spheres  of  water  and 
sapphire  were  calculated  as  functions 
of  the  maximum  microwave  electric  field 
in  a  10-cm  cubic  cavity. 


position  by  the  restoring  gradient  force. 
Thus,  no  feedback  control  would  be  nec- 
essary to  maintain  stable  equilibrium. 

The  problem  has  been  analyzed  theo- 
retically for  a  cubic  cavity  10  cm  on  each 
side,  with  a  levitated  drop  of  water  or  par- 
ticle of  sapphire  1  mm  in  diameter.  The 
figure  shows  the  calculated  maximum 
restoring  acceleration  as  a  function  of  the 
maximum  electric  field  in  the  chamber. 
With  superconducting  chamber  walls,  one 
can  achieve  electric  fields  of  about  107 
V/m,  for  which  the  restoring  acceleration 
is  of  the  order  of  normal  Earth  gravitation. 
Thus,  it  should  be  possible  to  test  the 
technique  on  Earth. 

In  practice,  the  usable  electric  field  will 
probably  be  limited  by  dielectric  break- 
down of  the  gas  (if  any)  in  the  cavity  and/or 
by  microwave  heating  of  the  levitated  ob- 
ject. Other  considerations  in  the  design  of 
experiments  include  the  choice  of  shapes 
and  modes  of  the  chamber  to  obtain 
steeper  field  gradients,  the  use  of  a  fre- 
quency at  which  heating  would  be  mini- 
mized, the  use  of  superconducting  cham- 
ber walls  to  obtain  higher  fields  and/or 
decrease  the  required  power,  and  forces 
on  levitated  objects  of  finite  size  and  com- 
plicated shape. 

This  work  was  done  by  John  L  Watkins 
and  Henry  W.  Jackson  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-18006/TN 
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Salt  Filler  for  Making  Covered  Channels 

Metal  salts  offer  ease  of  application,  resistance  to  high-temperature  processing,  and  ease  of  removal. 


In  a  simple  fabrication  technique,  metal 
salts  are  used  to  create  such  subsurface 
channels  as  those  for  coolant  in  a  metallic 
heat  exchanger.  Metal  salts  are  readily 
available,  are  easy  to  apply,  and  can  be 
removed  easily  and  quickly.  Previous  filler 
materials  have  included  waxes,  which  are 
easily  removable  by  melting  at  low  tem- 
peratures but,  therefore,  may  not  withstand 
high  temperatures  used  in  fabrication;  and 
aluminum,  which  can  withstand  higher 
temperatures  but  has  to  be  removed  by 
dissolving  it  in  acid. 

Open  channels  are  first  machined  in  the 
metal  heat  exchanger  or  other  structure 
(see  figure).  The  metal  salt  or  mixture  of 
salts,  which  may  be  crystalline,  powdered, 
or  granular,  is  mixed  with  a  small  amount 
of  water  or  other  solvent,  and  the  resulting 
paste  is  placed  in  the  open  channels.  The 
structure  is  heated  in  an  oven  to  dry  the 
paste. 

A  layer  of  metal  is  deposited  on  the 
structure  by  vacuum  plasma  spraying, 
sealing  the  channels.  The  metal  salt  or  salt 
mixture  has  a  melting  temperature  higher 
than  those  of  waxes  and  aluminum  and, 
therefore,  can  withstand  the  high  temper- 
ature of  plasma  spraying.  After  plasma 
spraying,  the  salt  filler  is  dissolved  quick- 
ly and  easily  and  flushed  away  with  water 
or  other  appropriate  solvent,  leaving  be- 
hind the  covered  channels. 

This  work  was  done  by  Timothy  N. 
McKechnie  and  Richard  R.  Holmes  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center. 


Step  1:  Machine  Structure 
to  Basic  Size  and  Shape 

Passages 


Step  2:  Machine  Passages 
in  Structure 

Metallic 
'Salt(s)\ 


Step  3:  Fill  Passages  With 
Metallic  Salt(s) 


Step  4:  Plasma  Spray  Lid  Over  Salt-Filled 
Channels  and  Adjacent  Surface  of  Structure 


Step  5:  Dissolve  Salt  Filler 
To  Clear  Channels 


Machined  Channels  Are  Filled  With  Salt, 

which  serves  as  a  substrate  for  a  plas- 
ma-sprayed metal  lid.  The  salt  is  then 
rinsed  away  from  under  the  lid  to  clear  the 
passages. 


Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
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Temperature,  Thermal 
Stress,  and  Creep 
in  a  Structure 

A  better  creep  law 
may  be  needed. 

A  report  presents  a  comparison  of  pre- 
dicted and  measured  temperatures,  ther- 
mal stresses,  and  residual  creep  stresses 
in  a  heated  and  loaded  titanium  structure. 
This  study  is  part  of  a  continuing  effort  to 
develop  the  design  capability  to  predict 
and  reduce  the  deleterious  effects  of 
creep,  which  include  excessive  deforma- 
tions, residual  stresses,  and  failure. 

The  structure  was  a  skin  reinforced  by 
spars  of  approximately-Z-shaped  cross 
section.  The  structure — treated,  in  effect, 
as  a  horizontal  beam  —  was  supported  at 
its  ends,  loaded  vertically  at  two  positions, 
and  heated  radiantly  along  a  portion  of  its 
length  between  the  loading  points.  The 
spars  and  skin  were  instrumented  with 
thermocouples  and  strain  gauges. 

A  two-dimensional  finite-element  math- 
ematical model  that  includes  conductive, 
radiative,  and  convective  transfers  of  heat 
was  found  to  predict  the  measured  tran- 
sient temperatures  quite  well.  The  thermal 
calculation  was  not  a  pure  prediction,  how- 


ever. The  emissivity  and  the  convective 
film  coefficient  were  adjusted  to  fit  em- 
pirical data. 

Several  finite-element  mathematical  mod- 
els were  used  to  examine  the  relationship 
between  the  computed  and  measured  ther- 
mal stresses.  As  part  of  this  effort,  the  suit- 
abilities and  densities  of  the  finite  elements 
in  the  various  models  and  the  differences 
between  the  temperatures  predicted  by 
the  various  models  were  studied  to  deter- 
mine the  effects  of  the  choice  of  model  on 
the  calculated  thermal  stresses.  Both  bar 
and  plate  elements  were  found  suitable  for 
the  uniaxial-stress  situation  of  this  struc- 
ture. The  number  of  elements  in  the  web 
area  of  the  spar  was  found  to  be  critical  to 
accurate  calculation  of  thermal  stress. 

The  optimum  number  of  elements  was  es- 
tablished from  a  balance  between  the  density 
of  elements  and  suitable  safety  margins, 
such  that  the  numbers  are  acceptably  safe 
yet  computationally  economical.  Because 
the  differences  between  the  computed 
temperatures  were  generally  quite  small, 
the  differences  between  thermal  stresses 
computed  with  measured  temperatures  and 
with  computed  temperatures  was  also 
quite  small.  It  was  noted  that  in  some  situa- 
tions, relatively  small  excursions  of  calcu- 
lated temperatures  from  measured  values 


result  in  far  more  than  proportional  in- 
creases in  calculated  thermal  stresses. 

The  measured  residual  stresses  due  to 
creep  were  found  to  exceed  significantly 
the  values  computed  by  the  piecewise- 
linear  inelastic-strain-analogy  approach. 
The  most  important  element  in  the  compu- 
tation was  found  to  be  the  correct  definition 
of  the  creep  law.  Available  literature  was 
found  to  reveal  such  a  wide  variety  of 
viscoelastic  properties  that  the  creep  law 
was  considered  the  major  contributor  to 
the  discrepancy.  Advances  in  the  compu- 
tation of  residual  stresses  due  to  creep  will 
require  significantly  more  characterization 
of  the  viscoelastic  properties  of  materials 
than  is  currently  available. 

7?7/s  work  was  done  by  Jerald  M.  Jenkins 
of  Ames  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-86814 
[N88-12125],  "Comparison  of  Measured 
Temperatures,  Thermal  Stresses  and 
Creep  Residues  With  Predictions  on  a 
Built-Up  Titanium  Structure." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
ARC-12213/TN 
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Push  Tester  for  Laminated  Films 

The  force  required  to  crack  a  film  is  a  measure  of  embrittlement. 


A  small  instrument  is  used  to  measure 
the  brittleness  of  a  polymer  film  adhesively 
bonded  to  a  hard  substrate.  Such  meas- 
urements are  used,  in  turn,  to  measure  the 
rates  of  embrittlement  in  environmental 
tests  of  candidate  laminated-film  covers 
for  photovoltaic  modules. 

The  instrument  (see  figure)  is  a  micro- 
ball  push  tester.  It  includes  a  spring-loaded, 
steel-ball  tip,  0.0625  in.  (1.58  mm)  in  di- 
ameter, that  applies  a  known,  adjustable 
force  when  the  user  presses  it  against  the 
surface  of  a  specimen.  The  user  compares 
the  depression  left  by  the  ball  with  that  left 
in  a  specimen  that  has  not  been  exposed 
to  the  aging  environment.  In  an  unexposed 
specimen,  a  depression  is  formed  when 
the  microball  is  pressed  into  it.  In  an  ex- 
posed film  that  is  becoming  brittle,  a  small- 
er depression  is  formed,  along  with  con- 
centric cracks  inside  and  around  it.  The 
greater  the  embrittlement,  the  lower  the 
force  required  to  cause  cracking. 

The  microball  tester  has  been  used  in 
tests  of  specimens  exposed  to  accelerated 
aging  under  various  combinations  of  tem- 
erature,  humidity,  and  ultraviolet  radiation. 
Specimens  of  the  following  types  were 
evaluated: 

•  Transparent  polyvinyl  fluoride  (PVF)  film 
bonded  to  glass  by  use  of  ethylene  vinyl 
acetate  (EVA)  as  the  adhesive; 

•  Transparent  PVF  bonded  to  amorphous 
silicon  with  EVA;  and 

•  Transparent  PVF  bonded  with  EVA  to  a 
glass  superstrate  on  a  module  of  amor- 
phous silicon. 

In  a  photovoltaic  module  made  with  any 
of  these  combinations  of  materials,  em- 
brittlement of  the  film  would  eventually 
lead  to  cracking  and  result  in  deterioration 
of  the  module  and  exposure  of  the  elec- 
trical circuit  to  the  environment. 

The  microball  tester  is  not  limited  to  use 
on  transparent  films;  it  can  be  used  on 
opaque  laminated  films  on  back  panels  of 
photovoltaic  modules,  for  example. 

This  work  was  done  by  Russell  S. 
Sugimura  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.        NPO-18063/TN 


The  Penlike  Instrument  has  a  microball  tip.  The  small  pointer  in  the  slot  on  the  side 
of  the  instrument  is  used  to  calibrate  and  indicate  the  spring  force  applied  by  the 
point.  The  microball  dents  only  a  small  area  of  a  specimen  (bottom).  For  emphasis, 
depressions  are  marked  here  by  surrounding  circles. 
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Resource  for  Human  Genetic  Analysis 


Researchers  who  need  assistance  in 
analyzing  their  generic  studies  can 
turn  to  the  expertise  and  services 
offered  by  the  Resource  for  Human 
Genetic  Analysis  (RHGA)  at  Louisiana 
State  University  Medical  Center  in 
New  Orleans. 

"We  are  unique  as  a  center  for 
genetic  analysis,  the  only  national 
resource  in  this  field/'  says  Dr.  Robert 
C.  Elston,  principal  investigator  at  the 
RHGA  and  professor  and  head  of  the 
department  of  biometry  and  genetics 
at  the  university. 

"We  are  on  the  cutting  edge  in 
statistical  methods  for  human  genetic 
analysis,"  he  explains.  "The  most 
important  service  we  offer  is 
providing  computer  software  for 
genetic  analysis.  However,  we  also 
invite  researchers  who  gather  family 
data  to  contact  us  so  that  we  can 
collaborate  on  their  analysis." 

The  resource,  established  in 
September  1986  and  funded  by  the 
Biomedical  Research  Technology 
Program  of  the  National  Center  for 
Research  Resources,  is  staffed  by  four 
professors  in  addition  to  Dr.  Elston, 
four  programmers,  graduate  students, 
and  various  support  personnel.  Its 
long-term  goal  is  to  aid  in  the  iden- 
tification and  mapping  of  genes  that 
affect  health,  with  a  view  toward 
prevention  and  earlier  treatment  of 
disorders  that  have  a  genetic  component. 

Dr.  Elston  and  his  associates  at  the 
RHGA  have  collaborated  on  genetic 
studies  of  cancer,  cardiovascular 
disease,  and  mental  illness,  as  well  as 
on  research  involving  a  variety  of  less 
common  disorders  that  are  known  to 
have  a  genetic  origin. 

"We  recently  published  a  study 
suggesting  that  there  may  be  a  major 
gene  that  confers  susceptibility  to  lung 
cancer.  That  is  not  to  suggest  that 
smoking  isn't  also  important;  in  fact, 
smoking  is  a  more  important  risk 
factor  than  is  having  this  gene.  But  this 
was  the  first  study  of  its  type  in  which 
investigators  who  were  looking  for 


Dr.  Robert  C.  Elston,  director  of  the 
Resource  for  Human  Genetic  Analysis, 


assists  investigators  in  analyzing 
genetic  studies. 


genetic  susceptibility  to  lung  cancer 
simultaneously  allowed  for  smoking 
in  the  analysis,"  Dr.  Elston  says. 

Similarly,  the  RHGA  staff  has 
collaborated  with  researchers  who 
believe  they  have  detected  a  major 
gene  that  may  be  involved  in  the 
development  of  essential  hyper- 
tension. And  in  a  third  study,  "we 
have  developed  methods  suggesting 
that  there  may  be  a  gene  that  controls 
the  ratio  of  high-density  to  low- 
density  lipoprotein  cholesterol. 
Clinicians  use  that  ratio  as  a  marker  for 
possible  heart  attacks,"  he  says. 

Although  Dr.  Elston  and  his  as- 
sociates have  done  genetic  analysis  for 
"a  dozen  or  so"  such  projects,  their 
main  contribution  has  been  the 
development  and  distribution  of  a 
software  package  that  enables 
researchers  around  the  world  to  run 
their  own  data  analyses.  The  Statistical 


Analysis  for  Genetic  Epidemiology 
(S.A.G.E.)  software  package  includes 
13  separate  computer  programs  that 
can  run  on  mainframe  computers, 
minicomputers,  and  some  80386, 
80486,  and  Macintosh  II  micro- 
computers. 

S.A.G.E.  can  be  used  to  determine 
whether  the  variability  of  a  trait  is 
caused  by  Mendelian  segregation  at  a 
single  genetic  locus,  to  establish  an 
association  between  a  trait  and  a 
known  polymorphic  genetic  marker, 
to  determine  the  order  of  a  set  of 
genetic  marker  loci  along  a  chromo- 
some, and  to  find  out  if  genetic  loci 
linked  to  a  known  genetic  marker  may 
underlie  variability  in  a  trait. 

Approximately  50  researchers 
worldwide  currently  use  S.A.G.E.  or 
some  portion  of  the  S.A.G.E.  package. 
The  complete  package  costs  $400.  An 
updated  version  is  expected  to  be 
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available  in  the  fall  of  1991,  and  a  more 
user  friendly,  command -driven 
version  is  due  in  1992. 

The  cost  to  investigators  who 
submit  their  data  to  the  RHGA  for 
genetic  analysis  varies  because  the 
time  involved  differs  for  each  case. 
Although  the  resource's  funding 
covers  all  computational  costs,  there 
are  other  expenses  involved  such  as 
charges  for  programming  and  for 
work  done  by  graduate  students.  The 
main  reason  analyses  can  take  up  to 
several  months  to  perform,  and 
therefore  cost  more,  is  that  researchers 
frequently  submit  data  that  are  not 
"clean,"  according  to  Dr.  Elston. 

"It  is  very  tricky  to  record  pedigree 
data  without  making  mistakes.  The 
researchers  often  send  us  data  that 
have  lots  of  errors.  If  they  submit  their 
data  in  perfect  condition,  we  could  do 
the  analysis  within  a  few  weeks.  But  it 
typically  takes  months  to  sort  out  the 
data  first,"  he  explains. 

"The  data  may  show,  for  instance, 
that  two  males  married  each  other  and 
had  children.  We  have  also  received 
data  showing  that  fathers  supposedly 
married  their  daughters  and  had 
children.  And  then  there  are  cases  in 
which  individuals  are  reported  to  be 
their  own  ancestors,"  he  says.  One 
computer  program  in  the  S.A.G.E. 
package,  the  Family  Structures 
Program,  allows  researchers  who 
undertake  their  own  genetic  analysis 
to  check  for  many  of  these  kinds  of 
errors  in  the  data. 

In  addition  to  containing  outright 
errors,  some  data  submitted  for 
analysis  are  incomplete.  "Researchers 


studying  generic  markers  sometimes 
use  their  own  symbols,  then  neglect  to 
define  them,  and  some  have  reported 
on  an  individual  without  noting  that 
person's  sex,"  Dr.  Elston  notes. 

In  addition  to  providing  services, 
the  resource  offers  annual  short 
courses  on  methodologies  in  genetic 
analysis  and  publishes  a  newsletter. 
The  facility  also  provides  space  for 
visiting  investigators. 

Researchers  interested  in  using 
RHGA  services  should  contact  Dr. 
Elston  by  mail,  since  the  requests  must 
be  reviewed  by  the  resource's 
executive  committee.  "We  give 
preference  to  large  pedigree  data  with 
multiple  variables.  In  other  words,  we 
like  doing  the  complicated  projects," 
he  says. 

"We  accept  data  in  any  computer- 
readable  form;  we  are  very  flexible 
on  types  of  disks,  diskettes,  or  tapes. 
However,  we  usually  don't  like  data 
sent  via  a  computer  network  such  as 
BITNET,  since  we  have  found  that  it 
often  introduces  errors  into  the  data," 
Dr.  Elston  says. 
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Ultrasonic  Device  Monitors  Fullness  of  the  Bladder 

A  self-contained,  portable,  battery-powered  unit  is  specifically  tailored  for  each  patient. 


An  ultrasonic  device  that  monitors  the 
fullness  of  the  bladder  is  self-contained, 
lightweight,  portable,  powered  by  a  battery, 
and  tailored  for  the  specific  patient  through 
software  that  can  be  modified  as  the  pa- 
tient's behavior  changes.  The  monitor  es- 
sentially quantifies  the  amount  of  urine  in 
the  bladder  by  measuring  the  relative  dis- 
tension of  the  bladder  ana  then  gives  a 
suitable  alarm  that  tells  the  patient  to  elimi- 
nate. The  device  is  intended  for  use  in  train- 
ing people  who  are  incontinent  and  can- 
not identify  when  elimination  is  necessary. 

Previous  bladder  sensors  fall  into  two 
classes:  simple  and  elaborate.  The  simple  category  includes 
the  wetness  detector,  which  alarms  the  patient  when  urine  is 
present.  The  wetness  detector  provides  an  alarm  after  the  fact 
and  has  not  proven  to  be  very  effective  as  a  training  aid.  It  can 
also  be  mistriggered  by  sweat.  The  second  class  of  sensors 
includes  the  clinical  ultrasonic  scanner.  Such  an  instrument 
requires  considerable  expertise  to  operate  and  is  too  bulky 
and  expensive  to  serve  as  a  personal  training  aid.  All  of 
the  previous  bladder  sensors  lack  the  adaptability  to  cope  with 
the  problems  of  ambulatory  and  widely  variable  patients. 

The  present  monitor  is  also  based  on  ultrasonics  but 
processes  the  data  in  a  different  way  to  achieve  the  desired 
results.  It  includes  a  digital  electronic  system  that  tracks  the 
trends  of  three  different  parameters,  analyzes  signatures, 
and  computes  a  weighted  sum  to  produce  a  numerical  value 
that  characterizes  the  relative  distension  of  the  bladder.  Once 
that  value  has  been  derived,  it  can  be  compared  to  an  alarm 
value,  selected  by  the  user,  that  signifies  fullness  and  at  which 
the  device  indicates  the  need  to  void.  The  activity  of  the 
bladder  and  personal  habits  of  the  individual  are  used  to 
customize  the  software  and  the  ultrasonic  sensor  to  that 
individual.  All  of  the  control  functions  are  made  adjustable  by 
the  user  or  caregiver  to  enable  optimization. 

The  monitor  includes  an  ultrasonic  transducer  that  is 
excited  by  a  pulser/receiver  under  the  command  of  digital  logic 
circuitry.  An  acoustic  wave  of  low  power  and  frequency  is 
launched  into  the  abdominal  area  of  the 
patient.  The  wave  interacts  with  the  wall 
of  the  bladder,  is  reflected  back  to  the 
transducer,  and  is  then  amplified  and 
detected  by  the  receiver.  The  resulting 
signal  is  digitized  and  stored. 

These  signals  are  averaged  in  groups 
over  time,  and  the  trend  of  the  sums  is 
taken  to  be  an  indication  of  the  distension 
of  the  bladder.  Various  alarms  are  avail- 
able, depending  on  the  preference  of  the 
user.  The  electronics  package  includes  cir- 
cuitry that  can  alert  the  patient  with  a  va- 
riety of  stimuli  including  tactile  output  (vi- 
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Ultrasonic  Echoes  are  processed  to  detect  characteristic  echo  wave- 
forms that  signify  distension  of  the  bladder. 


brator),  visual  output  (light-emitting  diode 
mounted  on  eyeglasses),  and  audible  out- 
put (earphone  or  buzzer).  The  monitor  can 
also  transmit  a  radio-frequency  output  to 
a  remote  receiver  monitor. 

The  operation  of  the  monitor  is  shown 
in  the  figure,  which  is  split  into  three  sec- 
tions: bladder  nearly  empty,  bladder  filling, 
and  bladder  full.  Each  section  shows  a 
simplified  diagram  of  the  bladder  at  the 
top,  the  resulting  waveform  of  the  acous- 


tical echo  in  the  middle,  and  the  digitally 
processed  and  weighted  waveforms  at  the 
bottom.  As  the  bladder  fills,  the  returning 
echoes  display  a  characteristic  pattern  of 
movement  and  change.  The  processing 
accentuates  the  pattern  as  it  relates  to  the 
filling  of  the  bladder.  Once  this  has  been 
done,  the  energy  content  of  each  scan  of 
128  readings  is  summed  into  a  single  nu- 
merical value,  and  this  value  is  used  to  in- 
dicate the  distension  of  the  bladder. 
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Because  this  monitor  is  not  designed 
to  form  an  image  of  the  bladder,  it  is  much 
smaller  and  far  less  complicated  and  ex- 
pensive than  commercially  available  ultra- 
sound scanners  are.  The  entire  electronics 
package  is  worn  by  the  patient  with  the 
transducer  in  a  flexible,  nonobtrusive  belt. 
Inasmuch  as  this  monitor  includes  a  mi- 
crocomputer, it  is  "smart"  enough  to  ex- 
tract only  the  useful  information  from  the 
ultrasonic  echos.  Because  the  monitor  has 
built-in  features  that  provide  a  large  num- 
ber of  selectable  variables,  it  can  be  cus- 


tomized to  the  individual  user  more  easily 
than  any  previously  available  bladder  mon- 
itor could  be.  The  device  turns  itself  off  be- 
tween readings  to  prolong  the  life  of  the 
battery. 

This  work  was  done  by  Joseph  S. 
Heyman  and  Travis  Blalock  of  Langley 
Research  Center,  John  A.  Companion  of 
PRC  Kentron,  and  Al  Cavalier  and  Beth 
A.  Mineo  of  the  Association  for  Retarded 
Citizens. 

This  invention  has  been  patented  by 
NASA    (U.S.    Patent    No.    4,852,578). 


Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center. 
Refer  to  LAR-13689/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Portable  Video/Digital  Retinal  Funduscope 

An  inexpensive  instrument  can  be  operated  with  minimal  training,  under  hospital  or  field  conditions. 


A  lightweight,  relatively  inexpensive  elec- 
tronic and  photographic  instrument  has 
been  developed  for  the  detection,  monitor- 
ing, and  objective  quantification  of  ocular/ 
systemic  disease  or  physiological  altera- 
tions of  the  retina,  blood  vessels,  or  other 
structures  in  the  anterior  and  posterior 
chambers  of  the  eye.  The  instrument  can 
be  operated  with  little  training.  It  can  func- 
tion with  a  human  or  animal  subject  seat- 
ed, recumbent,  inverted,  or  in  almost  any 
other  orientation;  and  in  a  hospital,  lab- 
oratory, field,  or  other  environment.  The  in- 
strument produces  video  images  that  can 
be  viewed  directly  and/or  digitized  for  si- 
multaneous or  subsequent  analysis.  It  can 
also  be  equipped  to  produce  photographs 
and/or  fitted  with  adaptors  to  produce  ster- 
eoscopic or  magnified  images  of  the  skin, 
nose,  ear,  throat,  or  mouth  to  detect  lesions 
or  diseases. 

The  instrument  is  an  assembly  of  com- 
mercially available  equipment,  some  of 
which  has  been  modified  slightly  to  make 
it  compatible  with  the  other  equipment  and 
the  overall  design.  One  major  component 
is  a  portable  fundus  camera  with  lenses, 
filters,  and  prisms  as  required  for  various 
viewing  configurations.  The  image  pro- 
duced by  the  fundus  camera  is  either 
recorded  on  35-mm  film  or  sensed  by  a 
low-light-level  charge-coupled-device 
(CCD)  video  camera  (see  figure).  The  other 
major  components  are  an  electronic  view- 
finder,  a  video  monitor  for  viewing  in  real 
time,  and  a  computer  that  digitizes  the 
video  image. 

Equipment  to  stabilize  the  subject's 
head  is  included,  but  the  instrument  can 
be  operated  without  such  stabilization.  The 
operator  can  adjust  the  focus  on  the  fun- 
dus camera  while  viewing  through  an  eye- 
piece, using  either  the  35-mm-film-camera 
attachment  or  looking  directly  at  the  elec- 
tronic viewfinder  mounted  on  the  CCD 
camera.  When  the  desired  image  is  ob- 
tained, the  camera  is  secured  in  place.  Ex- 


Vldeo 
Camera 


citation  and  barrier  filters  can  be  inserted 
into  the  fundus  camera  for  fluorescein 
angiography.  The  images  from  the  CCD 
camera  can  be  directly  digitized  by  the 
computer  for  storage  or  transferred  via 
telephone  lines,  computer  networks,  or 
satellite  to  remote  locations. 

By  providing  for  the  digital  analysis  of 
images,  the  instrument  helps  physicians 
to  compare  sequential  images  from  a 
given  patient  to  detect  subtle  disease  pro- 
gressions earlier.  In  addition,  the  acquisi- 
tion of  images  as  digital  information  fa- 
cilitates storage,  transfer,  and  manipulation 
to  enhance  features  of  interest.  It  also  en- 
ables extensive  analyses  of  images,  in- 
cluding quantitative  analyses  of  the  diam- 
eters of  blood  vessels  and  the  detection 
and  monitoring  of  changes  in  retinas 
caused  by  hypertension,  diabetes,  athero- 
sclerosis, vasculitis,  uveitis,  macular  de- 
generation, glaucoma,  and  infections.  The 
instrument  can  be  upgraded  easily  as  ad- 
vanced sources  of  light,  optical  equipment, 
CCD  cameras,  computers,  and  image- 


The  Portable  Fundu- 
scope has  a  modular  de- 
sign. The  extension  hous- 
ing, video  camera,  and 
electronic  viewfinder  can 
be  removed  and  replaced 
with  a  35-mm  film  cam- 
era. The  fundus  camera 
can  be  equipped  with  a 
variety  of  lenses,  prisms, 
and  the  like. 


analyzing  computer  programs  become 
available. 

This  work  was  done  by  Gerald  R.  Taylor 
of  Johnson  Space  Center,  Richard 
Meehan  of  the  University  of  Colorado;  and 
Norwood  Hunter,  Michael  Caputo,  and  C. 
Robert  Gibson  of  Krug  International. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21675/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 
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Radar  Backscatter 
From  the  Ocean 
at  Low  Windspeeds 

Radar  scatterometry 
can  be  used  to  sense 
winds  as  slow  as  2  m/s. 

A  report  describes  an  experimental  study 
of  radar  backscattering  from  ocean  waves 
generated  by  winds  of  2  to  4  m/s.  This  study 
is  part  of  a  continuing  effort  to  develop  ra- 
dar scatterometry  into  a  technique  for  the 
remote  sensing  of  ocean-surface  winds. 
In  this  case,  the  emphasis  is  upon  back- 
scattering  at  windspeeds  previously 
thought  to  be  at  or  below  the  lower  limit 
of  scatterometric  detectability. 

In  the  experiments,  an  airborne  radar 
at  a  frequency  of  14.6  GHz  was  used  to 
make  azimuthal  scans  of  the  surface  of 
the  ocean  at  angles  of  incidence  from  20° 
to  30°.  Backscattering  cross  sections  in 
horizontal  and  vertical  polarizations  were 
measured  during  these  scans.  Simultane- 
ously, winds  near  the  surface,  air  and  water 
temperatures,  and  humidities  were  meas- 
ured by  recording  instruments  mounted  on 
buoys  in  the  scanned  area. 

The  data  accumulated  from  these  meas- 
urements were  analyzed  and  compared 
with  the  predictions  of  mathematical 
models  in  which  scattering  cross  sections 
are  represented  variously  as  functions  of 


the  azimuthal  angle  between  the  ground 
track  of  the  radar  beam  and  of  the  wind, 
the  angle  of  incidence  of  the  radar  beam, 
the  radar  polarization,  the  speed  of  the 
wind,  and/or  other  parameters.  Particular 
attention  was  paid  to  two  models:  a  power- 
law  model,  called  "SASS-1,"  which  was  de- 
vised for  the  analysis  of  data  from  the 
SEASAT  scatterometer;  a  similar  model 
called  the  Wentz  model;  and  the  Donelan 
and  Pierson  (D/P)  model,  which  predicts 
that  backscatter  cross  sections  fall  off  so 
precipitously  as  speeds  decrease  below 
2  to  3  m/s  that  in  this  speed  range  scat- 
terometry is  probably  useless  for  the  meas- 
urement of  winds. 

This  analysis  showed  that  the  backscat- 
tering cross  section  in  the  horizontal  polar- 
ization decreases  more  steeply  with  a  de- 
crease in  speed  than  it  is  predicted  to  do 
by  the  SASS-1  and  Wentz  models  but  much 
less  steeply  than  predicted  by  the  D/P 
model.  In  the  vertical  polarization,  the  cor- 
responding data  were  found  to  agree  more 
closely  with  the  SASS-1  model,  and  the 
rate  of  falloff  with  decreasing  speed  was 


again  found  to  be  much  less  than  in  the 
D/P  model.  It  was  found  that  the  ratio  be- 
tween the  backscattering  cross  sections 
of  the  upwind  and  crosswind  azimuths 
was  greater  than  predicted  by  the  models. 
Overall,  it  was  concluded  that  because  the 
cross  sections  do  not  fall  off  as  precipitous- 
ly as  they  do  in  the  relatively  pessimistic 
D/P  model,  radar  scatterometry  remains 
a  viable  technique  for  the  measurement 
of  ocean-surface  winds  at  speeds  down 
to  3  (or  possibly  as  low  as  2)  m/s  and 
angles  of  incidence  up  to  30°.  Further  ex- 
perimentation will  be  needed  to  refine  the 
mathematical  model  used  to  infer  wind 
data  from  scatterometric  data. 

This  work  was  done  by  Fuk  K.  Li  and 
Gregory  Neumann  of  Caltech  and  Robert 
A.  Weller  of  Woods  Hole  Oceanographic 
Institution  for  NASA's  Jet  Propulsion 
Laboratory.  To  obtain  a  copy  of  the 
report,  "Observation  of  Ocean  Ku-Bank 
Radar  Cross  Section  at  Low  Wind  Speed 
During  FAS  IN  EX." 
NPO-18036/TN 
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Removing  Ambiguities  in  Remotely  Sensed  Winds 

An  algorithm  selects  from  among  candidate  wind  vectors  by  use  of  a  median  filter. 


An  algorithm  removes  ambiguities  in 
choices  of  candidate  ocean-surface  wind 
vectors  estimated  from  measurements  of 
radar  backscatter  from  ocean  waves.  The 
ambiguities  arise  unavoidably  from  the 
geophysical  model  function  used  to  com- 
pute the  relationship  between  wind  vec- 
tors and  coefficients  of  backscattering.  By 
making  better  use  of  the  data  available 
from  existing  instrumentation,  the  ambi- 
guity-removing algorithm  will  increase  the 
accuracies  of  estimates  of  winds  without 
requiring  new  instrumentation. 

In  processing  the  raw  backscatter  data 
according  to  the  model,  the  radar  swath 
is  divided  into  wind-vector  cells.  Several 
candidate  wind  vectors  called  "ambigui- 
ties" are  computed  for  each  cell  and  ranked 
according  to  a  maximum-likelihood  algo- 
rithm. The  ambiguity  ranked  highest  in  each 
cell  is  called  the  "most  likely,"  while  the  am- 
biguity closest  to  the  true  wind  vector  is 
called  the  "closest."  In  practice,  the  most 
likely  is  sometimes  not  the  closest  (see 
figure). 

The  ambiguity-removing  algorithm  in- 
corporates a  vector-median  filtering  func- 
tion. It  can  be  "tuned"  by  adjustment  of 
several  parameters.  The  steps  of  the  algo- 
rithm are  the  following: 

1.  Construct  a  two-dimensional  array  of 
wind-vector  cells  of  sufficient  size  to  con- 
tain an  entire  swath. 

2.  Initialize  the  array  of  wind  vectors  by 
using  the  "most  likely"  wind  vectors. 

3.  For  each  wind-vector  cell,  determine  the 
ambiguity,  k,  at  the  point  (/',/)  that  mini- 
mizes the  error  function  Eft  for  one  of 
two  possible  modes  of  operation: 


Candidate  Estimated 


The  Ambiguity-Removing  Algorithm  is 

needed  because  the  "most  likely"  candidate 
wind  vector  is  not  necessarily  closest  to  the 
true  wind  vector. 

Mode  0:  Direction-only  median 
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An     -  k'Vn  ambiguity  vector  at  point 


Umn   ~  (m.n)'th  vector  in  the  array  of 
"selected"  vectors 
location  weight  for  the  (/r?,n)'th 
vector 
likelihood  of  the  A-'th  ambiguity 

Bid  J) 

P       -  likelihood  weight. 
Wind-vector  cells  that  do  not  contain 
data  are  ignored. 

4.  Replace  U~  with  whichever  Af-  yields 
the  lowest  error  function. 

5.  Repeat  steps  3  and  4  until  no  further  re- 
placements can  be  made  (convergence). 
The  four  adjustable  parameters  are  the 

choice  of  direction-only  or  vector  median, 
the  size  of  the  sampling  window  in  terms 
of  the  number  of  wind-vector  cells  (N)  on 
a  side,  the  likelihood  weight  (P),  and  the 
location  weights  (Wmn).  The  choice  of 
mode  determines  whether  the  speed  of 
the  wind  is  included  in  the  calculation  of 
the  error  function  (£#).  For  mode  0,  A^ 
and  Umn  are  unit-length  vectors  in  the  di- 
rections of  the  ambiguities.  The  mode  1 
vectors  are  in  the  same  direction  as  in 
mode  0,  but  their  magnitudes  represent 
speeds.  N  can  range  between  3  and  11. 
Wmn  controls  the  relative  contribution  of 
each  vector  in  the  window.  P  determines 
the  advantage  given  to  ambiguities  that 
have  greater  likelihoods.  An  optimum  choice 
of  parameters  has  been  determined  to  in- 
clude a  7-by-7  square  filter  with  all  loca- 
tions weighted  equally  and  an  advantage 
given  to  the  most  likely  ambiguities. 

This  work  was  done  by  Scott  J.  Shaffer, 
Roy  S.  Dunbar,  Shuchi  V.  Hsiao,  and  David 
G.  Lnng  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.    NPO-18079/TN 
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Copper-Exchanged  Zeolite  L  Traps  Oxygen 

Simple  chemical  treatments  make  this  material  an  efficient  and  capacious  trap  for  oxygen. 


A  brief  series  of  simple  chemical  treat- 
ments has  been  found  to  enhance  the  abil- 
ity of  zeolite  L  (Linde  LZ-Y72)  to  remove 
oxygen  from  a  mixture  of  gases.  The  treat- 
ments were  investigated  in  the  effort  to 
develop  a  material  that  could  reduce  con- 
tamination by  oxygen  in  gases  at  high  tem- 
peratures. Heretofore,  few  materials  could 
function  at  high  temperatures  with  ade- 
quate capacity  for  oxygen. 

Zeolite  L  is  thermally  stable  up  to  700  °C 
and  has  a  high  specific  surface  area 
(-400  m2/g),  which  provides  its  high  ca- 
pacity for  adsorption  of  gases.  To  increase 
its  ability  to  adsorb  oxygen  selectively,  cop- 
per is  added  by  ion  exchange,  and  the 
copper-exchanged  zeolite  is  reduced  with 
hydrogen.  As  a  result,  copper  is  dispersed 
atomically  on  the  inner  surfaces  of  the  zeo- 
lite, making  it  highly  reactive  to  oxygen, 
even  at  room  temperature.  The  reactivity 
to  oxygen  is  expected  to  be  even  greater 
at  higher  temperatures.  The  capacity  for 
oxygen  uptake  may,  however,  be  smaller 
at  higher  temperatures. 

In  preparation  for  a  test  of  this  concept, 
fresh  zeolite  L  was  crushed  and  sieved  in 
the  size  range  of  10  to  25  mesh  (2  mm 
to  710  /xwi).  Some  of  the  zeolite  was  pre- 
pared for  the  copper-exchange  treatment 
by  first  treating  it  with  1.0  molar  NH4N03 
solution,  decreasing  its  sodium  content 
from  1.10  to  0.16  weight  percent.  Then  it 
was  treated  with  0.2  molar  Cu(N03)2  solu- 
tion, adding  copper  in  the  amount  of  1.94 
weight  percent. 

Both  the  copper-exchanged  and  untreat- 
ed zeolite  were  reduced  with  hydrogen,  then 
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tested  for  oxygen-uptake  capacity.  The  treat- 
ed zeolite  was  reduced  in  a  flowing  mix- 
ture of  nitrogen  and  hydrogen  at  180  °C 
for  8  hours,  during  which  time  the  concen- 
tration of  hydrogen  was  gradually  increased 
from  1  to  30  percent.  The  reduced,  copper- 
exchanged  zeolite  was  heated  under  argon 
at  200  °C  for  1  hour,  then  cooled  to  room 
temperature.  Next,  the  argon  was  replaced 
by  oxygen,  and  the  zeolite  gained  weight 
by  about  9.5  percent  (see  figure),  attributed 
to  the  adsorption  of  oxygen. 


This  Thermogravimet- 

ric  Plot  shows  the  gain  of 
weight  of  the  reduced, 
copper-exchanged  zeo- 
lite upon  exposure  to 
oxygen. 


The  untreated  zeolite  was  reduced  at 
200  °C  in  a  mixture  of  4  percent  hydrogen 
and  96  percent  argon,  then  placed  in  con- 
tact with  oxygen  and  allowed  to  cool  to 
room  temperature.  The  total  adsorption  of 
oxygen  in  this  case  was  about  5  weight 
percent. 

This  work  was  done  by  Pramod  K. 
Sharma  and  Panchalam  K.  Seshan  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17761/TN 
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Conical  Mirrors  for  Quasi-Retroreflection 

Angles  of  incidence  could  range  more  widely  than  they  do  for  corner-cube  reflectors. 


Single  and  multiple-nested  conical  mir- 
rors can  be  assembled  and  positioned  to 
provide  several  distinct  orders  of  retrore- 
flection.  The  design  and  orientation  of  the 
"cones"  will  determine  the  positions  of, 
and  the  solid  angles  subtended  by,  the  dis- 
crete orders  of  retroreflection. 

This  type  of  retroreflector  accommo- 
dates a  larger  range  of  incident  angles 
than  do  traditional  corner-cube  reflectors. 
In  addition,  these  proposed  reflectors  will 
provide  greater  spectral  coverage  than  that 
of  conventional  lens-and-mirror  retroreflec- 
tors.  Potential  applications  include  inter- 
ferometry,  metrology,  lasers,  position  and 
motion  sensors,  instrument  test  and  cali- 
bration, and  expanded  capability  of  high- 
way markers  and  signs. 

Figure  1  illustrates  the  circular  cone,  in 
the  meridional  plane,  and  its  first  four 
orders  of  retroreflection.  Unlike  a  corner- 
cube  reflector,  which  retroreflects  over  all 
angles  in  its  acceptance  range,  a  conical 
reflector  accurately  retroreflects  only 
beams  that  are  incident  along  an  axis  cor- 
responding to  one  of  the  prescribed 
orders.  Each  order  provides  retroreflection 
for  a  bundle  of  rays  within  a  finite  angular 
extent.  This  angular  spread  is  dependent 
on  the  angle  of  incidence  of  the  incoming 
beam.  Angular  coverage  decreases  with 
increasing  order  number. 

The  price  for  obtaining  acceptance 
angles  greater  than  that  provided  by  corner- 
cube  reflector  is  partial  angular  coverage 
and  a  decrease  in  the  size  of  the  accepted 
ray  bundle.  This  compromise  may  be  ac- 
ceptable in  cases  in  which  the  directions 
of  the  incoming  beams  are  predetermined. 
For  the  cases  where  a  wider  acceptance 
angle  is  required  and  continuous  coverage 
is  not  important,  the  conical  reflectors  may 
serve  as  practical  alternatives  to  corner- 
cube  reflectors. 

The  ranges  of  acceptance  angles  can 
be  selected  by  choosing  the  shapes  and 
arrangements  of  the  cones.  For  example, 
round  cones  would  have  axisymmetric  re- 
flection patterns.  Cones  with  rectangular 
cross  sections  would  provide  for  the  inde- 
pendent selection  of  angular  ranges  in  two 
perpendicular  directions.  The  number  of 
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Figure  1.  Rays  of 
Light  Are  Retrore- 

flected  to  various  or- 
ders when  incident  on 
the  conical  reflecting 
surface  along  spe- 
cific directions  in  a 
meridional  plane. 
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REFLECTOR  CONFIGURATIONS 
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Figure  2  Conical  Re- 
flectors Can  Be 
Configured  in  vari- 
ous ways  to  tailor  the 
partial  angularcover- 
age  of  exact  and  ap- 
proximate retrore- 
flection. 
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AREA  OF  PRECISE  RETROREFLECTION  (NOT  TO  SCALE) 

IN  A  PLANE  OF  PROJECTION  ABOVE  EACH  REFLECTOR 

AND  PERPENDICULAR  TO  ITS  AXIS 


discreet  directions,  or  planes  of  coverage, 
can  be  increased  by  using  multi-sided  re- 
flectors such  as  the  hexagonal  cone 
shown  in  Figure  2.  A  greater  range  of 
angles  could  be  obtained  by  nesting  sev- 
eral of  these  reflectors  within  each  other. 
These  nested  conical  reflectors  would 


then  provide  increased  flexibility  over  that 
of  single  reflectors. 

This  work  was  done  by  Richard  G. 
Dekany  and  Ronald  G.  Holm  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-18005/TN 
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Acoustic  Waves  Improve  Chemical  Detection  for 
Industry 


A  prototype  sensor  system  is  allowing  researchers  at 
Sandia  National  Laboratories  to  detect  and  measure 
gaseous  chemicals  almost  instantaneously. 

The  new  system,  which  incorporates  a  simple  solid- 
state  sensor  and  advanced  analysis  techniques,  is  ex- 
pected to  improve  the  speed  and  reduce  the  cost  of 
chemical  sensing  in  industrial  environments. 

The  system  is  based  on  coated  acoustic  wave  (AW) 
devices,  a  relatively  new  class  of  sensors  that  measure 
the  behavior  of  acoustic  waves  in  solids.  When  acoustic 
waves  interact  with  solids,  liquids,  or  gases,  their  prop- 
erties are  altered  in  measurable  ways  that  can  provide 
information  about  the  materials  that  the  waves 
encounter. 

Sandia  engineers  have  devised  a  way  of  analyzing 
data  obtained  from  the  AW  devices  that  more  quickly 
and  easily  identifies  chemical  species  of  interest.  They 
did  away  with  the  need  to  use  multiple  sensors  to 
identify  a  chemical  and  its  concentration  level  by  devel- 
oping a  method  of  obtaining  two  independent  responses 
from  a  single  sensor.  A  comparison  of  the  two  responses 
produces  a  unique  "signature"  that  is  compared  to  the 
responses  of  known  chemicals  in  order  to  identify  an 
isolated  species. 

Mass  spectrometer  on  a  chip 

The  sensor  system  has  been  called  a  "mass  spectrom- 
eter on  a  chip"  because  it  mimics  this  well-known 
device's  ability  to  identify  chemical  species. 

"The  system  could  be  used  to  monitor  chemicals 
present  in  industrial  environments,  to  help  engineers 
adjust  processes  to  reduce  wastes  and  emissions,  and  to 
heli)  prevent  worker  exposure  to  unsafe  chemicals,"  says 
chemical  engineer  Greg  Frye  of  Sandia's  Inorganic  Ma- 
terials Chemistry  Division.  The  monitors  could  also  be 
used  to  verify  compliance  with  environmental  regula- 
tions for  chemical  emissions,  he  adds. 

Typical  sensors  used  in  industry  today  are  of  limited 
use  because  they  are  made  to  respond  to  only  one 
chemical  species.  This  requires  a  different  sensor  for 
each  species,  and  false  alarms  can  be  triggered  by 
unwanted  responses  to  other  chemical  species. 

Surface  acoustic  wave  devices  are  a  type  of  AW 


Chemical  engineer  Greg  Frye  tests  a  portable  acoustic  wave 
sensor's  ability  to  detect  methanol  in  real  time.  Similar  tests 
have  detected  trichloroethylene,  a  much  more  toxic  material. 


sensor  that  consists  of  two  interdigital  transducers 
formed  on  a  piezoelectric  substrate  such  as  quartz. 
When  an  alternating  voltage  is  applied  to  the  input 
transducer,  an  alternating  mechanical  strain  is  gener- 
ated, launching  the  acoustic  wave.  The  wave  travels 
along  the  surface,  interacting  with  a  thin  film  formed  on 
the  device  surface  before  being  converted  back  into  an 
electrical  signal  by  the  output  transducer.  If  the  film  has 
absorbed  chemicals  from  the  surrounding  environment, 
the  velocity  and/or  attenuation  (loss  of  amplitude)  of  the 
acoustic  wave  will  be  altered. 

Prior  to  use,  a  coated  AW  device  is  calibrated  by 
simultaneously  monitoring  wave  velocity  and  attenua- 
tion as  it  is  exposed  to  a  range  of  concentrations  of 
various  chemicals  of  interest.  Because  the  responses  are 
independent,  each  species  generates  a  unique  set  of 
values  when  attenuation  is  compared  to  velocity. 

When  the  SAW  device  responds  to  an  unknown 
chemical,    the    two    responses   are   compared    to   these 
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species-dependent    curves    to    determine    molecular 
identity. 

Once  the  chemical  is  identified,  a  comparison  of 
either  the  velocity  or  amplitude  shift  to  the  calibration 
curve  for  that  species  can  be  used  to  determine 
concentration. 

Practical  sensor  applications 

This  identification  capability  could  be  used  in  many 
practical  sensor  applications.  Using  AW  sensors  coated 
with  polymers,  Sandia  engineers  are  developing  a  porta- 
ble sensor  system  to  monitor  the  highly  regulated  chlo- 
rinated hydrocarbons  (CHCs)  in  industrial  exhausts  and 
in  the  workplace.  Some  of  these  ozone-depleting  com- 
pounds that  are  being  tested  are  trichloroethylene 
(TCE),  trichloroethane  (TCA),  methylene  chloride,  and 
carbon  tetrachloride.  The  system  has  also  been  used  to 
identify  organics  such  as  toluene,  acetone,  methanol, 
ethanol,  isopropanol,  and  hexane — chemicals  that  are 


commonly  used  in  industrial  processes. 

For  field  applications  where  device  cost  and  weight 
is  a  consideration,  the  sensor  system  could  be  an  effec- 
tive compromise  between  a  standard  gas  chromatograph 
and/or  a  mass  spectrometer. 

Sandia  is  a  leading  laboratory  in  another  application 
for  surface  acoustic  wave  devices — materials  character- 
ization. Work  is  being  done  on  using  the  devices  to 
determine  various  properties  of  thin  (0.1  to  10  microme- 
ters) films,  such  as  surface  areas  and  pore-size  distribu- 
tions of  porous  coatings. 


FOR  ADDITIONAL  INFORMATION:  Technical 
Contacts:  Greg  Frye  (505)844-0787  or  845-9085  and 
Steve  Martin  (505)844-9823,  Department  of  Energy, 
Sandia  National  Laboratories,  Albuquerque,  NM  87185- 
5800. 
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Two-Dimensional  Acousto-Optical  Spectrum  Analyzer 

Spectral  resolution  is  extended  to  about  105  channels. 


A  state-of-the-art  two-dimensional 
acousto-optical  spectrum  analyzer  proc- 
esses an  input  radio-frequency  signal  in 
real  time  into  components  in  any  number 
of  spectral  channels  up  to  about  105.  The 
best  prior  two-dimensional  acousto-optical 
spectrum  analyzer  was  limited  to  about 
15,000  spectral  channels. 

Figure  1  illustrates  the  general  princi- 
ple of  two-dimensional  acousto-optical 
spectrum  analysis,  in  which  the  coarse 
spectral  resolution  is  provided  by  "space- 
integration"  analysis  in  the  x  dimension 
and  the  fine  resolution  is  provided  within 
each  coarse  resolution  cell  by  "time-in- 
tegration" analysis  along  the  y  (orthogonal 
to  x)  direction.  The  input  radio-frequency 
signal  to  be  analyzed  is  launched  via  a 
transducer  into  an  acousto-opticai  device 
along  the  x  axis.  The  acousto-optical  de- 
vice thereby  becomes  a  Bragg  cell.  Pulsed 
plane  waves  of  light  from  a  laser  are  aimed 
at  the  Bragg  cell,  which  spatially  modu- 
lates the  phases  of  the  plane  waves  and 
diffracts  the  waves  according  to  the  pat- 
tern of  the  acoustic  signal. 

The  diffracted  light  passes  through  a 
lens,  which  forms  the  spatial  Fourier  trans- 
form of  the  spatial  phase  modulation  onto 
photodetectors  arrayed  along  the  x  direc- 
tion. The  distance  of  each  detector  along 
the  x  direction  from  the  optical  axis  or 
other  reference  line  is  proportional  to  the 
frequency  of  a  component  of  the  signal 
being  analyzed.  The  coarse  frequency 
resolution  and  the  useful  number  of  detec- 
tors along  the  x  direction  depend  on  the 
time-bandwidth  product  of  the  Bragg  cell. 
In  practice,  the  frequency  resolution  of  this 
"space-integration"  technique  is  typical- 
ly of  the  order  of  tens  of  kilohertz. 

Continuous  laser  light  could  be  used  in 
the  space-integration  technique,  but  the 
laser  is  pulsed  to  introduce  a  temporal 
phase  factor  into  the  signal  detected  in 
each  coarse-resolution  channel.  The  fre- 
quency of  each  such  factor  is  the  frequen- 
cy of  the  corresponding  spectral  compo- 
nent of  the  input  signal  aliased  by  the 
pulse-repetition  frequency  of  the  laser.  If 
the  pulse-repetition  frequency  is  chosen 
to  be  twice  the  coarse  frequency  resolu- 
tion, then  the  frequency  of  this  temporal 
phase  factor  specifies  the  exact  frequen- 
cy of  the  spectral  component  within  the 
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Figure  1.  Acousto-Optical  Integrations  in 
Space  and  Time  produce  the  coarse  and  fine 
resolutions,  respectively,  of  the  spectrum  of 
the  input  signal. 

given  coarse  frequency  channel. 

With  this  choice,  the  time-integration 
technique  can  be  used  to  segment  each 
coarse  frequency  channel  into  fine  fre- 
quency channels.  A  signal  composed  of 
reference  functions  is  launched  into  a  sec- 
ond Bragg  cell  along  the  y  direction.  A  train 
of  diffracted,  spatially  phase  modulated, 
light  beams  emerges  from  the  Bragg  cell 
and  is  imaged  onto  detectors  arrayed 
along  the  y  direction  in  the  same  plane 
with  the  space-integrating  detectors.  The 


reference  functions  are  chosen  such  that 
they  form  a  sampled,  temporal,  linearly 
distributed  local  oscillator -along  the  y  di- 
rection. The  product  of  each  reference- 
function  line  with  the  space-integrated 
spectral  peaks  is  then  formed  on  a  two- 
dimensional  (x  and  y)  array  of  photodetec- 
tors that  implements  the  x  and  y  arrays 
mentioned  separately  above.  The  array 
then  forms  the  sum  (in  effect,  the  integral 
over  time)  of  these  products  over  a  se- 
quence of  reference  functions.  After  this, 
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the  intensity  within  each  coarse  frequency- 
resolution  channel  is  no  longer  uniform 
along  the  y  direction,  but  time-integrated 
peaks  appear  at  the  locations  along  the 
y  direction  where  the  aliased  component 
frequencies  of  the  signal  match  the  sam- 
pled temporal  frequency  of  the  distributed 
local  oscillator.  The  location  of  the  time- 
integrated  spectral  peaks  along  each 
coarse  frequency  ridge  is  thus  proportional 
to  the  relative  fine  frequencies  of  the  spec- 
tral components  thus  represented.  The 
width  of  each  time-integrated  peak,  which 
is  inversely  proportional  to  the  number  of 
the  reference-function  lines  over  which  the 
time  integration  is  taken,  determines  the 
fine  frequency  resolution  of  the  system. 
Figure  2  illustrates  the  preferred,  sep- 
arate-optical-path method  for  combining 
the  space-  and  time-integration  functions 
into  a  single  apparatus  (an  alternative 
common-path  method  entails  additional 
technical  difficulties  and  complications). 
In  this  method,  the  input-signal  and  refer- 
ence-function Bragg  cells  are  in  two  differ- 
ent arms  of  a  Mach-Zehnder  interferom- 
eter, and  the  amplitudes  of  the  space-  and 


Figure  2.  Space  and 
Time  Integrations 

are  combined  by  plac- 
ing the  two  acousto- 
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time-integrated  beams  are  added  in  a 
beam  splitter  before  the  beams  are  pro- 
jected onto  the  array  of  charge-coupled 
devices.  The  products  of  the  amplitudes 
are  formed  on  the  charge-coupled  devices 
by  square-law  detection. 
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This  work  was  done  by  Homayoon 
Ansari  and  James  R.  Lesh  of  Caltech  and 
Brian  Metscher  of  the  University  of  Califor- 
nia at  Irvine  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-18092/TN 
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Microscope  Would  Image  X  and  y  Rays 

High  spatial  and  moderate  spectral  resolution  would  yield 
new  information  in  several  fields  of  research. 


A  proposed  microscope  would  form  im- 
ages of  sources  of  radiation  or  of  irradiated 
specimens  at  7-ray  (30  to  150  keV),  hard- 
x-ray  (3  to  30  keV),  or  soft-x-ray  (0.2  to  3 
keV)  photon  energies.  The  microscope 
would  collect  and  focus  radiation  to  pro- 
duce images  with  moderate  spectral  reso- 
lution and  high  spatial  resolution.  Also, 
because  it  would  use  more  of  the  incident 
radiation  than  do  conventional  pinhole  7- 
ray  and  hard-x-ray  imaging  devices,  the  mi- 
croscope would  enable  the  use  of  smaller, 
cheaper,  better-shielded  detectors.  This 
combination  of  features  would  provide  new 
information  of  unprecedented  value  in  sev- 
eral fields  of  research  —  for  example,  in 
probing  the  fine  structures  of  pulsed  plas- 
mas, investigating  minute  variations  in  the 
structures  of  material  specimens  that  can 
be  penetrated  only  by  hard-x  or  7  rays,  or 
in  producing  maps  of  distributions  of  radio- 
isotopes in  biological  specimens. 

The  microscope  would  include  two  co- 
axial, aspherical,  Bragg-reflecting,  graz- 
ing-incidence  reflectors.  The  principles  of 
its  design  and  operation  would  be  essen- 
tially the  same  as  those  of  the  telescope 
described  in  the  preceding  article,  "Tele- 
scope Would  Image  X  and  7  Rays"  (MFS- 
28482).  As  in  visible-light  imaging  systems, 
the  difference  between  the  telescope  and 
the  microscope  would  lie  mainly  in  the 
shapes  and  positions  of  the  optical  sur- 
faces. In  the  microscope,  the  primary 
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The  7-Ray  and/or  X-Ray  Microscope  would  contain  Bragg-reflecting,  grazing-incidence 
reflectors,  a  filter  wheel,  and  a  detector  like  those  of  the  telescope  in  the  preceding 
article.  As  in  the  case  of  the  telescope,  multiple  nested  coaxial  pairs  of  reflectors  (not 
shown  here)  could  be  used  to  form  images  simultaneously  at  multiple  wavelengths. 


reflector  would  be  a  hyperboloid,  while  the 
secondary  reflector  would  be  an  ellipsoid. 

The  microscope  would  have  to  be  either 
operable  in  a  vacuum  system  or  con- 
structed to  enclose  a  vacuum  for  efficient, 
nonscattering  transmission  of  the  x  and 
7  rays.  The  source  or  specimen  to  be  im- 
aged would  be  placed  at  the  object  plane 
of  the  grazing-incidence  reflectors  in  the 
vacuum.  A  specimen  could  be  mounted 
on  a  translation  stage  for  scanning. 

This  work  was  done  by  Richard  B. 
Hoover  of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-28484/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


122 


Transportation  &  Components 


01 23    Research  on  Controls  and  Displays  for  V/STOL  Airplanes— Advanced 
control  systems  are  needed  for  complicated  maneuvers  under  adverse 
conditions. 
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Research  on  Controls 
and  Displays  for 
V/STOL  Airplanes 

Advanced  control 
systems  are  needed 
for  complicated  maneuvers 
under  adverse  conditions. 


A  report  describes  continuing  research 
into  electronic  control  and  display  systems 
for  vertical/short-takeoff-and-landing 
(V/STOL)  aircraft.  The  objective  of  this 
research  is  to  develop  advanced  digital 
control  systems  ("fly-by-wire"  systems) 
that  will  integrate  flight  and  propulsion  con- 
trols. These  systems  are  intended  to  ena- 
ble pilots  to  perform  complicated  landing 
maneuvers,  including  transitions  from  hori- 
zontal to  vertical  flight  under  visual  and  in- 
strument flight  conditions  and  landing  in 
bad  weather  on  the  decks  of  heaving  ships, 
in  confined  spaces,  and  at  ill-prepared 
sites.  The  thrust  of  the  research  described 
in  the  report  is  toward  the  eventual  demon- 
stration of  such  a  system  in  NASA's 
V/STOL  Research  Aircraft  (VSRA). 

A  major  technological  challenge  is  posed 
by  the  complicated  interaction  of  kinemat- 
ics, aerodynamics,  and  propulsive  forces 
and  moments  during  the  transition  from 
airborne  (horizontal)  to  jetborne  (vertical) 
flight,  as  reflected  in  poor  flying  qualities 
and  limited  control  authorities.  The  pilot's 
control  problem  during  the  transition  is  ag- 
gravated by  the  general  degradation  of  fly- 
ing qualities  with  the  increase  in  depen- 
dence on  powered  lift,  and  by  additional 
control  requirements  related  to  thrust  vec- 
toring, and  to  ignition  or  switching  of  flow  to 
lift-augmenting  devices.  The  development- 
al advanced  control  systems  are  intended 
to  integrate  the  propulsive  and  aerody- 
namic controls  and  displays  in  ways  that 
minimize  the  design  requirements  for  ex- 
cessive propulsive  capability,  yet  enhance 
the  precision  of  the  flightpath  and  the  ability 
to  operate  in  adverse  weather. 

This  report  reviews  results  of  several  in- 
vestigations, in  the  Ames  Research  Center 
Vertical  Motion  Simulator,  of  fixed-wing 
V/STOL  aircraft  performing  decelerating 
approaches  under  instrument  flight  condi- 


tions, followed  by  recovery  to  confined 
landing  pads  or  aboard  ships.  It  describes 
flight  experiments  to  be  conducted  on  the 
NASA  VSRA  to  substantiate  the  results  of 
the  simulation. 

From  the  simulations,  contributions  of 
control  augmentation  and  integrated  elec- 
tronic displays  to  the  operation  of  these  air- 
craft in  adverse  weather  and  aboard  ships 
have  been  defined.  In  particular,  for  the  de- 
manding task  of  a  decelerating  approach 
to  hover  on  instruments,  aircraft  with  vec- 
tored-thrust  capability  may  require  some 
form  of  decoupled  flightpath  and  longitudi- 
nal-acceleration command  in  addition  to 
attitude  command  to  achieve  satisfactory 
flying  qualities.  Further,  a  cockpit  display 
that  integrates  situation  and  command  in- 
formation is  essential  to  success  in  these 
operations. 

For  the  vertical  landing  under  such  de- 
manding tasks  as  recovery  to  a  small  ship 
over  a  range  of  weather  conditions,  a  ve- 
locity-command system  is  required  to 
achieve  satisfactory  flying  qualities.  Opera- 
tions from  larger  ships  or  from  austere 
land-based  sites  can  be  accomplished  sa- 
tisfactorily with  attitude  or,  in  some  cases, 
with  rate-command  systems. 

On  the  basis  of  the  results  of  the  simula- 
tions, a  program  has  been  defined  to  modi- 
fy the  VSRA  to  conduct  experiments  to 
evaluate  these  control-augmentation  and 
display  concepts  in  flight.  First,  a  motion- 
base  simulation  was  performed  to  evalu- 
ate the  acceptability  of  a  limited-authority 
control  system  for  the  VSRA  that  has  the 
potential  to  create  a  research  capability  for 
in-flight  evaluation  of  advanced  V/STOL 
control  and  display  systems  as  well  as  the 
ability  to  validate  the  results  of  previous 
simulations.  The  results  of  this  simulation 
showed  that  the  limited-authority  control 
system  will  provide  an  acceptably  capable 


system  within  budgetary  constraints. 

The  flight-research  program  is  being 
conducted  in  two  phases:  the  first  phase  is 
concentrating  on  developing  a  data  base 
on  the  aircraft,  and  the  second  phase  will 
include  development  and  evaluation  of  the 
integrated  control  and  display  concepts  for 
the  terminal-area  flight  regime.  A  Phase  I 
experiment  has  been  conducted  to  assess  fi- 
delity of  the  simulation  of  the  YAV-8B  Harrier 
prototype  aircraft  (of  which  the  VSRA  is  a 
modified  version)  in  hover  by  use  of  a  pre- 
cise hover  task.  Pilot  ratings,  pilot  com- 
ments, and  task-performance  measures 
established  correspondence  of  the  simu- 
lated and  actual  YAV-8B  in  hover.  Other 
Phase  1  experiments  have  gathered  data 
that  are  being  used  to  improve  the  aerody- 
namic and  propulsion  mathematical 
models  of  the  VSRA. 

During  the  Phase  II  flight  program,  eval- 
uations of  integrated  flight  and  propulsion 
control  modes,  formats  of  head-up  dis- 
plays, and  guidance  concepts  will  be  con- 
ducted during  takeoff,  transition,  hover, 
and  landing  operations  under  visual  and 
simulated  instrument  meteorological  con- 
ditions. Subjective  assessments  by  pilots 
and  measurements  of  precision  of  tasks 
and  control-authority  requirements  will  be 
made.  Results  will  be  used  to  define  meth- 
ods to  improve  the  current  capability  for 
operation  in  bad  weather,  establish  opera- 
tional procedures  for  use  of  the  advanced 
systems,  and  substantiate  tentative  design 
criteria  obtained  from  analytical  studies 
and  simulation  experiments. 

This  work  was  done  by  Richard  B. 
Hoover  of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28500/TN. 
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TELEPHONE  ORDERS  (703)  487-4650 


FAX   (703)321-8547       TELEX  89-9405 


Rush  Service 
1-800-553-NTIS 

For  Subscription 
Questions 
(703)  487-4630 

For  Tracing  an  Order 
(703)  487-4660 

For  Editorial  Questions 
(703)  487-4805 


NTIS  PRICE  SCHEDULE* 

This  schedule  converts  into  actual 
prices  the  price  codes  cited  in  those 
Tech  Notes  having  a  report  available 
from  NTIS. 

Price 

Code                                                        Price 

A01  $9.00 

A02 : 

....12.50 

A03 

....17.00 

A04  through  A05 

A06  through  A09 

19.00 
....26.00 

A10through  A13 

....35.00 

A14through  A17 

...43.00 

A18  through  A21  50.00 

A22  through  A25 59.00 

A99                                            Contact  NTIS 
for  price 

These  prices  are  for  customers  in 
U.S.,  Canada,  and  Mexico.  Other 
addresses  should  write  for  the  price 
listing,  number  PR-360-4. 

Prices  effective  October  1,  1991 

If  your  address  label  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1     ADDRESS  INFORMATION 

Last  Name     

Title    

Company/Organization    

Address     

City/State/ZIP    

Telephone  Number   


2    METHOD  OF  PAYMENT 

I    |    Charge  my  NTIS  Deposit  Account    ~ 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

I    I    Purchase  order  ADD  $7.50  per  order  (U.S.,  Canada,  and  Mexico  only) 
Purchase  order  number 


Charge  my         ]  American  Express       [Z\  VISA      ED  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 

/NAC 


/NAC 
/NAC 
/NAC 
/NAC 


Handling  fee  $3.00 

Total     
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